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PJiEFACK 

In the p’owth and development of the machinery 
industry, the pressure of world competition soon led to 
a recognition of th(‘ accuracy of the proverh “time is 
money The vahu^ of the woi'k performed by the 
hand of the industrious workman, formerly so highly 
appreciated, diminished progressively in ])rop()rtion as 
ingenious inventors busied tliemselw's with the replacing 
of limited human endurance by the tireless force of 
machinery. It is true that manual labour could not be 
entirely dispensed with, but the modern workman be- 
came more and more the servant of tlu; machinery ; 
and every industry that desired to keep abreast of the 
times had to fall into line in this respect. The fulfil- 
ment of these novcd requirenu'nts led, in turn, to the 
establishment of entirely new industries, which have 
already acquired high rank. Whim the fik' and grind- 
stone, which formerly constituted the grinding tools of 
the machinery industry, proved no longer suhicierit for 
its triumphal progress, urgent need arose for meehfinical 
aids; and this need gave the first stimulus to the es- 
tablishment of the industry of abrasives and gi'inding 
machines which, from small beginnings, d('V(dopcd in 
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a few decades, under the pressure of circumstances, into 
a condition of prosperity that has rarely hcen equalled 
in the time. Even now there is no standing still ; and, 
indeed, that will be impossible for this new industry so 
long as the older industries continue to struggle* in the 
world market. 

It is the object of the present technical study to 
bring both the engineer and the layman to a fuller 
comprehension of this new industry, the development 
and importance of which arc still imperfectly known, 
even in trade? circles. 

THE AlITHOK. 

1911 
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INTKODUCTIOX 

One of the earlii'st acquirements of prehistoric man was 
the comprehension of the term “grindin^^ That this 
shonkl bo so was perfectly natural, because as soon as 
man began to understand the use and production of 
tools, and to recognize the dijBference between a sharp 
tool and a blunt one, he naturally sought for means by 
which the requisite sharpness could be imparted to his 
tools or weapons. Nothing could be more self-evident 
than to work the stone, intended to serve as a weapon 
or hatchet, with the aid of another stone. Tn this way 
he very soon learned, not merely the importance of the 
frictional motion stone upon stone, but also which kind 
of stone produced the proper effect in this treatment. 
He then gradually learned to appreciate quartz and 
felspar, and to use the wide-spread sandstone ; and the 
applicability of emery for such purposes was recognized 
in the earliest ages. 

Within historic times we have reliable knowledge 
of this, the old Greek historians having a good deal to 
say about the riches of the island of Nax®s and its 
“ smyris” (emery), 'which quickly became known as an 
excellent material for grinding, in competition with 

ix 



X 


INTRODUCTION 


sandstone ; but as it could only be used in the form of 
grains or powder its employment was merely a restricted 
one for a long time, sandstone grindstones being used 
both in the handcrafts and in the industries that subse- 
quently developed from these latter. 

It was not until the seventies of the last century, 
when a method was invented for binding the grains 
together with a suitalile medium and compressing them 
into moulds under heavy pr(‘ssure so as to form grind- 
stones, that the splu-re of application of emery attained 
rapid extension. 

In proportion as the demand for tlu'se grindstones 
and grinding wheels increased, so also was the method 
of manufacture improved as the result of cx[)erience 
Before long, moreover, other natural grinding agents 
became the object of investigation, and attempts were 
also made to overcome the irregularities present in the 
native raw materials by making artificial emery and 
other abrasive materials. 

In this wa)^ the industry of emery and the abrasive 
materials in general has now become fairly extensive 
and of considerable importance to the entire machinery 
industry, though it is still for many — and probably even 
the majority — a terra incognita, the further exploration 
of which should certainly be profitable to manufacturers 
and others, if only from the standpoint of self-interest. 



CHAPTER I. 


AHRXSIVK MVTEKlAhS. 

iN-order to achievini; tlio ])iir|)Of^e inontiooed at the 

.close of tlie Introduetion, it will lui iieci'ssarv to consider the 
various abrasive materials more lhorou^hl\, m order to ^ain 
from tlieir properties the information requisite foi‘ their a])- 
pi'Ojiriate utilization in technical ])ra.c.tic(‘. Tlu‘ term “ abrasive 
materials ” is capable of wide extension , and, indeed, the 
Re])ort of th(' Ccolo^ical Surv(*y of tbe United States arranges 
under this heading the following substances : oilstones, scythe- 
stoiuis (whetstones), millstone quartz and millstones, grind- 
stones, Hint, pumi(;e-stone, kieselguhr and tripoli, crystalline 
quartz and felsjiar, granite, corundum and emery, carborun- 
dum, steel powdei', and artiiicial corundum. This list, however, 
may he considerably shortened, when it is considered that only 
a comparative.!} small number of the foregoing materials are 
actually used for grinding. 

Thus, only a relatively small jiroportion of the total ])ro- 
duction of sandstone is used for making whetstones and 
grindstones, the chief purjiose of this stone being for building. 
The same applies also to oilstones and scythe-stones ; whilst 
millstones are generally used for other purj)Oses, namely, grind- 
ing corn. On the other hand pumice-stone must certainly Ije 
classed as an abrasive material, this being its sole use, in one 
form or another. Crystalline quartz and felspar, on the con- 



EMKHY AND THE EMEKY INDUSTRY 


trai-y, are imperfectly adapted for such purposes; vvhei*eas 
emei-y and cojundum a^^ain must he i-c'^^arded as alu’asive 
materials par excellence, as also the ^Tanitt^s that are not used 
for decorative pnr])Oses. 

A mor(^ satisfactoi-y classilicnition of these matcs'ials is ob- 
tained hv arran^mii^ them in accordanct' with tluhr nature, 
a distinelion Ijein.u drawm from tin* outset between tlie two 
main t^roiips: natinul and artificial alirasive materials. 

1. Natural Arhasivl Matkrials. 

The natural abrasive materials are more numerous than the 
aitili(;ial oiu's, and mav ht' dividi'd, according to their nature, 
into three cdasses — 

1. The jiurely sihccious mau'rials, c.onsistiii^ ol pun* silica, 
fre.e fiom any otluu compounds. This class lu^.cossarilv in- 
cludes the whole ol the quaitz famil\. The memhers of this 
t'amilv exhibit a dei;ree of hardness corresponding to No. 7 of 
Mob's scale, and comprise . — 

(uj Ordinary (juartz i^an.i^ue, crushed and pulveiizi'd, us(‘d 
for polishin,i,f timhiu- and stone. 

(/;) Quartz sands, \vhich are. used lor the same purpose and 
occur chi(‘ll\ in the eocene and ohgocene beds of the older 
Tertiary formation, the so-called Bassin do Paris. 

(o) Sandstone that can he reduced to tine dust by the blows 
of a hammer, thus furnishin^f an admirable abrasive material. 

(d) Siliceous earths, which are abundantly found in cal- 
careous strata. 

(e) Millstone, originating in the decalcification zone of 
siliceous .limestone deposits and used for grinding in corn 
mills. -(In France, the fresh-water quartzites of the Paris 
basin are })referably used for this purpose.) 
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(f) Tripoli, a kind of ki(*s(d^nhr, iiaraod alier the town of 
Tripoli from whence it was first obtained. 

2. The mixed siliceous abrasives, consist iii^^ of silicates in 
admixtin-y with vai’ioiis bases. Tlu‘ chi(*f member of this ^n-oiip 
is })umice-stone, a ])r()duct r(‘sultin^ from the solidification 
of volcanic masses ; anorh(‘r }»em;^^ almadm, or icrrous-oxide 
^n’anite, frequently met with m crystalline strata. 'Plurse 
^itranite-heann^f sands ai(‘ still won, especially m Spain at 
Hoyazo nciar (lap do ( uieta, and a.Iso in r3rittan\. Tlui hard- 
ness of granite yaii(‘,s between ()'7 and 7‘d, (Irainte jiaper is 
mainly used ni the shoiMnakiin; industry. 

d. The aluminous a,l)rasiv(;s, the ae-tiy(' c-onstitiuint of wdiiidi 
IS pLii'e alumina. The ('hief repi-eseiitatiyes of the f.troiij> is 
emery. 

( I) Eincii/. 

Emei-y, winch was known to the aneionts as a,n ahrasive, 
and w\‘is teamed “smyris” hy thi* (irei'Ks (Iroiii whemu^ its 
German name, “ S('Jimir;,^el,” is derived), is an iron-)^r(‘y, to 
hrowm, and ^enei'all) striated lock, ma,inl\ (-.oiisistin^ of an 
a,i;,itre^:iiioii of (joruntium (\1,0), to^i'ther with iron oxidt'S 
fma^ii(‘tit(' and hematite). 

I>r. Weinsclumk, in his work on the “ Jhinciples of 
00010*^^,” ri^ditly characterizes ('mt*r\ as one of the most 
])uzzlin^ of rocks, which ma,y he described as unstratitied to 
shaly, mostly very line-|.^rained, dark brow nish-j^rey to nearly 
black, of great hardness and toughness. Jt is frequently inter- 
sected by bluish veins of a granular corundum, which, in a 
fine-grained condition, constitutes about 50 per emit of the 
total mass. The other chief constituents discernible undm’ the 
microscope are margarite and magnetite, as w'ell as chloritoid; 
spinel and all kinds of aluminous minerals fieing also found, 
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ill lulditioii to rutile and, eharactei'istieally, tourmaline, lii 
Naxos, (‘inery oeciiis as im‘j;ulai masses and lodes in ^uanular 
limestone, whilst in Massachusetts it is associated with mica- 
ceous sediist. It lias also, though incorrectly, heen rcf^^aiMed as 
metaiiiorjihic hauxitix It occurs, moreovm-, in Asia Minor, 
where it is known as “ Anatolian emery ” ; whilst th(' emery 
1‘ound at Wildimnaith in tlu' Upper Ufalz district, occurs in^ 
('clogites, whicli are rocks of hii^hly vaiiahle character, derived 
from ,i(ranitic am[)hiholites, and, where rich in ‘.granite, assume 
the dial actor of true ,itranite clill’s, which ari' knowm as 
“ Smir^nd ” in the district in (juestion. The so-called Indian 
('inery consists of <^ra.nit(' .granules oi .granulations from the 
piecious-sloiK' alluvials ot ('e\lon. 

The best euu'iu is that oblamed from Naxos, wlu'ie the 
extensive dejiosits, which weri' known also to the ancients, 
are lenticular and r.iiif^i' from Jl) to IGO (t. m thickness m the 
saccharoidal limestone Tlu' sju'cilic ^n-aviU of saniph's taken 
ill various jilaces ran.i^es from 3’G4 to 4’()7. Jii addition to 
its norma! constituents, eim'ry frecjuently contains varying 
(jiiantiiies of toiirmalim*, disthene, staurotidi's, rutile, etc. 
The rock is simply (juarried, being detached in large blocks 
for shijmient, these blocks being crushed by the emery manu- 
facturers in stonehreakers which are often of groat size. 
Thus the giant stonehreaker of the Naxos Union Works 
measures L2 inches by inches across the mouth, the 
weight being 13 tons, whilst the two chilled-steel jaws weigh 
no leas than 2() cwT. This machine can easily break blocks 
weighing 2 to 24 cwt. into lumps as large as the list (2 to 4 
lb ), and can crusli 30 tons of crude emery in about ten hours. 
The lumps from this large breaker pass to smaller breakers, 
in which they are reduced to the various commercial sizes of 
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^rain, thirty-three in number. The coarse ^^rains are separa- 
ted from the finer grades liy a well -arranged system of screens, 
the dust loft by the crushing and screening processes being 
afterwards levigated and converted into the various grades of 
emery powder used for polishing metals, glass, marble, gi-anite, 
etc. Fig. 1 illustrates a breaker of this kind, as used by 



Eia. 1. — Emery Breaker. 

the Vereinigte Schmirgcil & Maschinenfabriken, Hainholz, 
Hanover. 

It is evident that the grinding action of these com])Osite 
rocks is entirely dile to their content of corundum, which is 
of the ninth degree of hardness, and is a])proached in this re- 
spect by tourmaline alone (hardness 7‘d) ; conse.quently the 
useful effect of an emery disc may be directly regarded as a 
function of the corundum it contains. 
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The two subjoined analyses of Naxos emery, both specimens 
hein^^ very l ich in corundum, are by Tschcrmak 
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and n2-4 per cent). 


however, sfH'in ver\ hi^h, tlu* avera^i* content in commercial 
emery vaj-yiiif^ In'tween 30 and '10 pi^r cent, the })rico in 1 aris 
ranging' betwetui 250 and 350 francs fkl0to£14) per ton, 
according to quality, that is to say percentage of corundum. 


With regard to the* working of the Naxos emery de])Osits, 
the Grecian Government, to whom the de])Osits belong, put 
them u]) for dis])Osal to tlu* highe.st bidder on 0 Api'il, 1B71. 
As the result of tliis auctifjn a German, -lulius riungst, the 
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foundoi* of the Naxos Union, acquired the sole n^ht of selling 
the genuine Naxos emery for a long term of years over the 
whole world. This im])ortant monopoly was also pi‘eviously 
in the hands of a German firm (at Gohlenz), which, however, 
failed to recognize the value and im])()rtanc(‘ of the artude, 
and conseqmmtly made only a small profit. 

It is true that the woi-ld innno])()l\ was not left foi' long in 
the hands of th(‘ Naxos Union —which was fullv awxire ol its 
valiK', and laid tin* foundation of an initially flourishing new' 
industry in thi' viciinlv ofUranklurt and Off’enhach , loi , wdien 
the Grecian Government recognized the henofits that Gtamaii 
industry and foresight weri' cajiahle of realizing out of the 
monoiioly, it declined to reiawN tin* contract on its e\])ir\ dur- 
ing the “ eighties 

According to the Naxos Union, Naxos emm-v gave the 
following comjiosition on analysis. — 

IN I (I lit. 


Alum i nil ... . . 

Krnie okkU* ...... I>0-S7 

SllH'M. ....... 

liiiue ....... O-s'.l 

Magnesia 0-20 

‘Manganese oMile ..... truces 

Loss on calcination ..... '"t 


joo-nu 

At present this highly valuable natural treasure is again 
w'orked by native labour in the most primitive fashion at Naxos, 
the annual outjmt lu'ing 5000 to 6000 tons. 

The jirice of the crude emery is 106'50 francs (85s.) per 
ton, free quay Syra (on a neighliouring island), W'hilst the cost 
of production at the mines is only 52-20 fraufti^ (■42s. 6d). 
The appreciable net profit resulting from the differtmce 
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enabled the Gi'eciaii Government to write otf about 300,000 
francs 12,000) from the puldic debt, from the output in 1903 
alone (about bHOO tons). 

Almost simultaneously with the n;scission of the German 
monopoly by the; Grecian Government, oilers of emery were 
made from Asia Minor, wherii theie an*, (piarrics of this material 
in the vicinity of Smyrna. The production at this centre is 
about 17,000 to 20,000 tons, but the quality is considertd far 
inferior to Naxos emery, and the sale juice in Smyi-na is only 
70 to 100 francs (bbs. to 80s.). Tijjjs. 2 and 3 illustrate one 
of these enu*ry (juarries in Asia Minor, and the method of 
conveying thi' emery to the Anatolian railway. 

Emery is also jiroduci^d in the United States, esjiecially at 
the Eei'ks liill quarries in New Yoik State, and at the ('hester 
mines, Massachussets. The outjiut which had iiicri'ased to 
about 1000 ions pei annum at Uiecominencenumt ol llu' [iresent 
century, has since' deeliiied. as shown in the following table . — 
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Imi-okth or Emeuy axd CoRUNi>rM into thi; Uvited Stati s, ekom 11)01 

T(. 11)06. 
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(/>) Corundum. 

In addition to Naxos (‘inory, \vliicdi, liowa'vm, (!an only hi 
rngardnd, iihiieralogically, as an impure form of coi iindum, tlu 
nmnoi-ons varieties of jiuro corundum are im|)ortanl in ilio 
manufacture of artificial grinding wlu'els, in which corundum 
forms a highly valued adjuncl for inci easing tlu' grinding power. 

Tlie density of ])ure corundum is about 1 ; and its value 
as an abrading material dejxMids mainly on wlietlu'r the shar]), 
angular edge of the grains has heiui jneserved. This is, how- 
ever, jiarticularly the case when the grains jiresent fission 
surfaces, tin* worn a])ices being then leplaced by a series of 
cutting edges. Corunduin, however, does not jirt'seiit fission 
surfaces, hut surfaces of separation, which act (juiti' auto- 
matically. 

Nevertheless, this ])roperty does not appear with equal 
efficacy in all corundum deposits, these surfaces being occa- 
sionally so numerous that, as for instance wdth the white cor- 
undum from (Georgia, the mass falls completely to powdei' 
Avhen crushi'd. 

Diri’erent vai’ieties also ))e]iave very divergently under the 

* liichldiim Oliifi vstnuc, .S.'llS^ 

' liirUnl’n*,' «*iiH‘iy-ston(‘, viiluf. s73as 
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influence of heat. Most of them arc suitable for the manu- 
facturer of so-called ceramic «:frindston(‘S, ])rovided the ferric 
oxide and silicates present can he sulhciently eliminated. 



With re^^Mrd to the occurrence of corundum, tlie d-posits 
are found in fom different lormations — - 

1. In the eruptive rocks, in which two chief forms occur, 
namely : — 
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(a) III the form of syenites with corundum. This rock is 
met with in the Ural district, as largo lodes or beds in gneiss, 
granite, or syenite. The corundum is in the form of large blue 
crystals, up to 4 inches in length and nearly i an inch across, 
embedded in orthohdspar, the formation being a corundum 
pegmatite, containing up to 35 or 40 per cent of corundum. 

Oth(5r rocks are also known, with granolithic structure and 
composed of corundum and ortliomicrogeolithic members, often 
accom))anied with larger or smallei- amounts of black mica. 
These foi'in the so-called corundum syenites, with about lS-50 
per cent of corundum. 

{h) The corundum anorthosites. A craggy rock, locally 
known as “ kyscht\ inite," necurs in tiu‘, Ural district, and 
consists of a granular mixture of small ini'tamorphic corundum 
crystals, about 1 inch long, and a gri'yish matrix r(',presentinig 
an ortho rock with platiis of hiotitic mica. The (‘.orundnm 
content i-i 47’5 pei- cent, 

111 (kilifornia, too, there is found a roek, composed ol cor- 
undum 1111(1 oligoclas(‘ felsjiai. 'rhis is “ iilnmasite,” and 
contains !(> per (umt of eornndiim in the hmn of crystals not 
exceeding ‘2 inches in length. 

2, In strata resulting from the metamorphosis of the basic 
eruptive rocks. This occurrence is of particular interest from 
the stand})oiiit of petrography, 

3. In th(‘ crystalline shales. Corundum occurs very often 
in this formation; in gneiss, in micaceous schists, in white 
ci])oline marhle (streaked with greyj ; and also associated 
with disthone micaceous schists in various pro])ortions. Blocks 
weighing up to about 14 cwt. are found in Connecticut. In 
Burma and Ceylon it forms the extremely rare ruhy and 
sapphire. 
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4. Tn alluvial sediments. This oceurroiiee is doriv<'d from 
the previous one. Here the corundum is encountei-ed in a 
concentrated form, owin^ to its hij^h si)ecifi(^ ^oavity, in folds 
and ppckets, and in an almost intact condition on account of 
its great hardness and powc^r of resisting chemical agencies. 

So far as the corundum industry is coma'i iuid, (lanada is 
the chief cisitre of inkTcst, as possessing corundum deposits 
*of the greatest economic value ; and Canada is thci’ofoi'e the 
country whose iiK'thods of tu'ating the won maUu'ial should 
he studied, the industry 1km ng comparatively >oung, and the 
works (‘(juipped with th(‘ niwvest and most perfect machinery 
and appliances for treating the product. 

The best-knov\n corundum di'posits are in the easlei’ii 
portion of the ])rovinc(‘ of Ontario, on the norlhei n shoie of 
Cake Ontai'io. These deposits appear in three, dillej-enl layers, 
of which the most northerly is the chiel, covm ingan ar(^a about 
70 miles long by 2 mil(‘S in w’idth, in the districts of Halihurlon 
and Jlastings. The' corundum rocks are syiMiiU's or nejiheline 
syenites. The transition from one formation to the* othei' 
occurs (iither imperceiitibly, oi else through an intermediate 
stage of barren nephcline syenites, the ap])earanct‘ of which is 
of interiist in connexion wuth estimating the workability ot the 
de.posits, since, in general, th(‘ quantity ot corundum jiresent 
in the rock is jiroportional wdth the amount ot this nephcline 
rock. 

The deposits in Hastings country are worked by the Canada 
Corundum Co., Ijimiled. The rock wdiich is being worked 
there is a syenite, with 15 })er cent, of corundum, acconijianied 
by a microclinic limestone, sodium -felspar, and magnetite. Jt 
frequently hap])ens that the rock assumes the appearance of a 
pegmatite with extremely large jiortions of lelspar, in which 
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th(i corundum crystals occur as ^dobular a|[,^j^regations of J to i 
cubic inch. 

The several lodes follow each oth(u- at intervals of a few 
thousand yards, the tliickness beiii*^^ about 330 fet't.. The 
de])osii at Yoik branch, which has now been provi^d over a 
len^^th of nearly 1 700 yards, is lidO to 330 feet tliick, Tlui ])ortion 
that is iK'iii}^ worlo'd at pi'escnt is a lode running" east and wc^st, 
and situated on the side of a hill about 1(150 yards lon^^ and* 
390 feet hi'fh. The work is cairied on by opiMi-cast ijuarry- 
in^^ in terraces in(‘asuriii,i 4 (15 feiit from front to back horizon- 
tally, and (1(1 f('et in viU’tical heij^ht. Tll(^ I’ock is blasted 
with dynainito, and run down to the works on small ti'ucks. 

Theio It IS thrown intoahopp(‘r holdmii; J50 tons, a.nd falls 
down into ii breakei, the jaws of which measuri' 24 x 134 
inebes. from which it jiassos to thi(‘e othm’ bieakert^ witb jaws 
9 X 13] iiich(‘s. The iVajL^iiients, winch an' now about] cubic 
inch in dinu'-nsions, are next passi'd Ix'tween six jiairs of rolh'rs, 
then through two sets of drum-sieves of ]-inch iiKish, under 
which ar(' 1(1 WilHe.y concentrators for treatin'^ the, finest 
portions, and also 3 ji^-screims throu^di which the coarser 
^n*ains are jiassexl. 

Next follow's dryiuff by st(!am and jiassiii.^ through the 
magnetic sejiarators, after wdiich the grains are classified into 
20 grades by means of sieves ranging in mesli from 8 to 200. 
The filial product should now' contain not more than 2 pm- cent 
of impurities ; and if this proportion be exceeded, the material is 
passed again over the concentrator and pneumatic Hooper jigs. 

The daily output is up to 20 tons. The finished corundum 
is packed in l-c\vt. bags and is dispatched, in the first place 
by ship, and then on the Canadian Atlantic RaiKvay, to Mont- 
real or the United States. 
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The production of corundum in Canada of late years is 
shown in the followin*^ table: — 

RiioiiT’cnnv OK Ci>i:rNj)i’M in Cvsvi*^, thoai I'.IDl to 


War 

tuns) 

Valuf 

lUUl 

4.1 J 

17-710 

lU(r> 

s(r» 

NS*(1 1 (1 

JUIKI 

UKl 

112-1 no 

I'.Mll 1 

in i» 

] (11-11.7(1 

]'.)()-■•> I 


1 111- 17:5 

Till Ml ; 

‘227 1 

•201-117:5 


For leclinical i)iii[)OS(5s, eoruiidiim is ciiiefh used as an 
al)i'asiv(' iriat(.'iial in ihc form of ;^n‘ains, paper, or ^jrindino 
discs. Corundiiiii ^n-indni}^^ discs arc* )V(piired to possess hi^h 
resistance and cuttino power, the latt(;r heiiif^ specFilly iin- 
portanl, l)t*cause on it depends the amount of work that can 
he turned out liy the operator usiii^^ the dise 

Usually, how('.ver, tlu* corutidiim is im\ed witli a binding 
medium, which enables the, ^liiidino discs to he iiiould''d. 
After being suihciently pro.ssed, th(' discs an^ exposed to the 
h(‘at of a furnace, according to tlie hunperatuie of which the 
grinding discs may hi* divided into two classes : 

1. J3iscs of the older type of manufacture, in which the tem- 
perature did not exceed 400 C. For these, the binding medium 
consisted of rubber, gum lac, magnesia, cement, or a silicate. 

2 . Discs made according to tlie new system, in which a 
temperature above 400' C, is used. 

These latter are the so-called ceramic or vitrilied discs. The 

binding medium is kaolin, which is incorporated with the grains 

• • 

of corundum pressed into moulds and dried in an oven, after 
which the discs are fired at high temperatures in special kilns. 
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The superior quality of this second type of disc is due to the 
grains of corundum l^eing partially isolated in the clay matrix, 
so that they act like small milling cutters, whilst the medium 
is conv(3rtcd into dust on coining in contact with the work. 

Natural corundum is also used in the jewellery industry, 
in th(i form of ruhies, sap])hn“es, etc 

Attiunpts have l)een made to produce aluminium fi’om 
corundum in th(3 olecti-ic furnace; l)ut the material is too 
expimsive for that ])urpose, although tlie suhstance now em- 
ployed, namely bauxite, has to he put through a prepaiutory 
and purifying treatment. On the other hand, (mdeavours 
hav(; long been in ])rogr(‘ss in ordm- to produce a liieproof 
or ceramic material from corundum. 

The out])ut of corundum m the Tlnited States has been 
included in the ligures for enuTy on an eailier ])age. .Accord- 
ing to the “ Engine('nng and Mining .louinal," tin* actual pro- 
duction of corunduin in lHt)7 was tons, and m the following 
year 78() tons. 

2. The Aktificial Ahuasives. 

Apart from the foregoing natural abrasives, there is a whole 
series of artificial products of similar character, among which 
a highly important position is filled by carborundum. The 
production of these artilicial abrasives is increasing from year 
to year, as the following table will show : — 

I'lioDccnoN OF Autifiiuai. Ai’.uastyes in the Unii'KI) States, 1901-1!)0o. 


ma , ]W)4. ; , inot) 

11 ) 11 . 11 ). 11 . 11 ). 


Ciirbovuuduin 

Steel . . • • 7:15,000 

Aluiulum . I — 


4,750.000 7,000,:J80 

755,000 700,000 

— , 1 , 020,000 


5.500.000 (),225,:J00 

012,000 h;-17,000 

5.012.000 4,712,000 
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(J) Carhoi iiu(hnn. 

(viivhoiiuicluiii Is ;i clicmieiil ot c:iil)Oii auJ 

aliuuiiia (th(' ci sstalliiu' lorni ol wliicli la.tt(‘r is coninduni), 
and ri'Cix.v^ed its namt' — a cond(‘nsa.iion of llin two ooui])oiu‘nt'^ 
— fiom Aclioson, tliouf^d soicntiruMllx it should la- tiTiiu'd 
silicon carbide, the, tonnula htdnjn Si(’. 

Althoui^di Aidicson must l)c consideriMl the actual dis- 
coyen'r of this compouiKl, its lornialion had bem ol)scrv(^d 
loiijT previously; in the hist ])la.ce hy A. (\)ls()u, who leid a 
pa])(U' on the formation of a. new com]Kuiud ol silie-ou and 
carbon, before the Academit* d(*s Scieiici's on Ma\ l(>. 1 SSl> 
(“ (loiiJptes Keiidus,” iSS'i, Vol. CdV, p. I did). This cai hide 
had the foi inula SiC,. 

Schutzenhei’f^er, who pursued ('olson’s u'searcdi further, 
prepared a silicon caihide of tlu' toimula, SiC m iSihJ (“ Goin- 
])tes Uendus,” iSdli, Vol. GXIV,]). lOMD). The conpiound was 
])roduced in a small crucible {20-dt) c, c.) ol re.tort charcoal, 
closed hy a lid of tlie same matenal, and cluir^aid with a 
mixture, of powdered ci ystalhiie silicon and powdered sili(;a in 
(Hjual parts. The carbon, howevm-, was not supplied h\ the 
material of the crucible, because the carbon criicihk^ was 
])laced in an outer crucihhi of fireclay and this in turn in a 
larger crucible, the intervening s])aces Ixung packed with 
lampblack. Consequently, the imu'rmost crucihU* was not 
attacked, the silicon carbide htnng formed hy the reducing 
action of silicon on carbon monoxide at a very high temjiera- 
ture. 

Schutzonberger, was, therefore, the first to prepare silicon 
carbide, SiC, in the amorjdious form, the crystal line form 
being afterwards obtained by Acheson in an electric furnace. 



IH ]:mi:ky a^d the emehy indtstiiy 

Moissan also (l(‘Kcrilit‘il the })i-i‘paratioH and properties of 
(;i yslalliiH' silicon carMde, in apajiei read before the aforesaid 
Society on SejiU'inlxir ‘2d, IH93. 'Plje usidts of Ins r('S('arches 
in tliis diiection weu' aftinwards recorded in his work on the 
('iectric finnaci', in winch he stales — 

“ Ihinn^ m\ e\p<‘rinients on ihe jnvpjuation of crystalline 
caihon, I h:ul occiisiini to observe (in ISflJ) small ciystals of 
silicMH c,;iihide in the aj^^lonierations ol silicon fused in a 
c.ii'lion shell in tlu' hLi-^t tuinace. \l that tinn‘, hownsven’, [did 
not publish anuhin^ on this jaunt so that the jn loi il\ of tlu; 
discoveix ol enslalline silicon caihide leinains with -\cheson. 

" The invest ij^at ion ol the action ol tin* eleetiieaic on silicon 
K‘d us then to pK'ji.ii'e siheon eaahide m liandsvune ciAstaJs 
In lour diflermit methods, iiumel\ — 

“ 1. J)V till' direct eumhmalion of silicon a.nd caa'hon , 

“ 2. ]>\ |)re])ara.tion m the electric lnina<-e (cr\sta.lli/,a,tion in 
inollen iron) ; 

“ d. 1)V the ri'duction ol silica in carbon, and 
‘■-1. J>\ tlumiction ol silicon \a,j)our on carbon vapour.” 
With rei^ard to tli<‘ jiroperties ot this silicon ea,i Ijide, Moissan 
(‘Xjuesst's liimself a.s follows - - 

“ Jloth the ci vstallnu' and amorjihons tonus of silicon car- 
liide are of hi^h siahilit), and withstand tlie most enerj^etic 
ri'a^anits. Silicon carbide I'Uln-elN trei' from iron is colour- 
less, and its well-hevelojied crystals occasional!) exhibit the 
form of the hexai^ona.! system. 'I’liey have a jiow'erful in- 
dueiicc' (ui jiolarized li^dit, and produce a hoantiful jilay of 
colours.” 

Acheson went lieyend the work of liis jiivdecessors in this 
field, by not only jiroducin^ this carlxiruiidnni and artificial 
f^raphite, lint also prejiarinjj; a series of compounds of silicon, 
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Ciirl)Oii, and ()>\j4('n. which h(‘ i^ronpcd under the name ‘ silori- 
cf)n ’ — a iK'w and ('\c(H‘din^d\ firepvool' material. 

So mnch for t.he histoiical side! .\cheson discoveied his 
carhorimdiim in March, m (Mideavom m^ to jiri'piire, 

from (a’\ sliilline eaihon, a new id)la•^l\e iiMt*‘rial that slioiild 
•})(' still haidei than eoruiidum — which, a, I. that lime, was the 
ha,rd(‘sl abrasive known i‘\('t‘pi the diamond. 

In oole]' to O'lxhs the c.n hon moielii^ihle he ihnii^tit it, 
(';iS(‘ntial to add a hod\ ol lowei tii'^ini.i jioint. and toi ihis 
])nipos(‘ mixed el.iv with the caihon 'I'hw inixime wa^. 
}i<-ated in the I'leet ue au* . .uul on coohnt; down the lurnaee, 
a. nunihei ot snia.ll, hi-'tioiis hlix- civ-^taUol \ei\ L’leat haid- 
ness, weie lound on the eailion red -.eivini^ a'^ one pole and 
imiui'ised in th(‘ mixed eh.iii;e. 

Aelason at oiea' ])('r('('ived tha,t thesr ci vitals weie not dia- 
mond, Imt must he a ehemieal eompouiHl of eaihon aaid 
allot hei eh'inent , and he also humd the new eomp<*und to he 
a, 11 (‘Xcelleiit ,1,1)1 asive. 

He tlmii tried to piepa.ie it, on a. hiaiier sea.N* in a fiiel>riek 
lurnaee, mi- isurm.umrhout ltlm'he>h\ j inches, w it h a ear- 
hon I’od at (‘aeh end This lurnaee w;m tilled with a. mixture 
ol (Mrla)ii and clav , the ea.rhons heinn a' liist .^Ix a t -eii emU'd, 
and then drawn slowlv apait, so tlia.t an aie was loiimxl. In 
thc'.e trials, Acheson jound the siliiM of the ela,\ to he im[)or- 
tani lor tiu' entire pro(a-ss, a,nd In* lepeated his experiment in 
a new furnace chai^XMl with a mixture ot jane while sand 
and (carbon. In this way he ascei‘ta,ined that the new 
suhstance must h(‘ a com])ound ol silicon and ca.rhon, mon* 
es})ecially since analysis revealed the follownnu ^ <’om])Osi- 
tion : — 
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Loss on calcinalion 

l-:u; 

Alununium .... 

0-2;") 
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Sul)se<]\i(Milly an anahsis was made in the laliorator^ of ttie 
newly fonncMl (larhoi'unduni Company, on a sample of e'ar- 
boruiulum ilial had hoeii })Uiified b\ treatment with h\di*o- 
chloi'ic acid and i^austic soda, followed l)\ heating in a current 
of o\yg(!n and digistioji with hydroHiioric acid, tlie following 
result hi'ing obtained — 



Lc) ( t 111 
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(‘.‘MO 

(’■ailion 

mi-20 
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This analysis, a^^ also another furnishing the pi'oportion^> : 
silicon, C)9'59, carbon, dO'dl pm* cent, agreed with the values 
calculated for the formula SiC, viz. : — 

lYr c(‘ul 

Silicon 7U-:{U 

Carhon 2Se7{l 

1 . Arlirsi)i(\s Carhorundnvi Funiace. 

In the specification of his first patent lor the ])reparation of 
a crystalline comiioimd of carbon and silicon, Acheson de- 
scribed his furnace — the simple construction of which can be 
gathered from Fig. 4 — as follows ; — 

The walls, C, of the furnace consist of firebricks, and house 
the carbon electrodes, BB, which are introduced from opposite 



\15H\SIV1: MNTr.IUALS 


‘21 


and ai’o nonno(and, (‘xtoi-jially to llu* tuiwuicc, with (‘loo- 
tric wiixs leading in turn to a (Ivnanio m* other sou]-(a‘ of 
electricity. 

Th(' fnrnacH' i- chaj'j^tal wiih inali'iial, M. whieli sun omuls 
the eleclrod(‘s and the core. Ff a ^^rajdmic, eoiv l)e used, it 
should he arran^usl a.s shovNu al Ih luUween the ext ri'initii's 
of the I'lee.ti’odes Jill 

On passing throneh this a]>))ai'alus an dcctru^ current, weak 
.at tiisl hut alterwards uumMsiiu^ in slieiuitli. the mass is 


^7 
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raised to a high temperature, the Ilux melts, and crystalline 
carbon products !iro formed in couHe(|uenc(' of the intimate 
combination of the constituents. Dunug tins process chemical 
combinations and decompositions occur, resulting in tlie lilxn'a- 
tion of gases, vapours, and volatile salts, which art* allowed to 
escape from the furnacii. Then* lemaiu, as residue, the 
following products : — 

(a) Gra))hite, 

{/)) Amoriihous carbon, and 
(c) Carl)orunduin, 
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in .uldition to an innoiiiplcloly Ininsloi ined portion of the 
dial l:(‘. cxhihitin^f Jill slaves ol llie ti iiii'^lonnation, aaid adapO'd 
to lie used ovt‘1 aL;ain in rrcliai the fiirnaca'. 

ddir pi'cnliai pi<)[)-‘i I i<'s ol 1 li(‘ Cl \ slallna* iiialenaJ dcjicnd 
|i,ull\ on ilu‘ >ticii^ili and duration ol ilic cniiciil, and paill> 
on llic cv>iii]>o--il loll and (diaaactci ol the cliai^o. 

rile iM\e!ii(i! eniplo\eil, iii the main, the loilowiiu; [uopoi- 
tioiis h\ w (‘leht 


I'U) f ( .uImOI 

Sili( a ol .ihiiiiiiiisim 'iloMlt 

(’omnioii -.ill 

Wlieii opeialioiis ,iii! coiupleled, th(‘ ])iolucts a,r(‘ takiMi out 
ol till' lurnarCi', the caihon inati'rial ih Iri'od Ironi ^riipliiti* and 
olhei inipni Hies and is hioki'ii intosmaJl [ueces, in oi der to lie 
hoiled. ^\aslled, and linall\ diicd lo heat, alt(‘i whidi it is 
ri'id\ for dassilun.Lt into civstals ol dillt'renl d(,\<^rees of 
fiiient^'iS. 

Th(‘ cr\ stalliiie suhstance is hi^hlx lustiousand is nsually 
diirk in eoloin.lhe shade tlependiii^ inainls on ihi' dass oi 
material itsinl 'riui crystals ari' not r(‘^iilar in appearance, 
l)ut it'semhle diamond dust, allhouuh l,lu‘ octalualral l'orm])ie- 
dominates. i\lany of thi'se crystals arc o])a<|U(\ some being 
ti’ansjiai eiit and colomles',, wlnlst ollu'rs ('\liihu a variety of 
colours. 'rht‘\ are o\trem(d\ liaid and lefi actor) ; at least 
lhe\ will resist till' heal, ol llie o\\h)diogen llanu' loi some 
time. 

WluMi a imvlure of c, irlion. silici. and sodium (diloiid(\ in 
aliout the too*oomg pro]) irtions, is (‘m))lo)t‘d, the product has 
the following .i.ver,ig(‘ composition : — 
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If(Mi('.c tile iii.itfiiiil known c.ii 1)Oi nnduni inii^l Ix' i n- 
;is ii cotn[>ounil of cuihon and Ndicon, tlx' ooinposilion 
of wliich, wIkmi is (wpiissod h\ ih<‘ loimul.i SiC. 

Will) ri'^urd to tlin j>i iiclic-ul !i)»])li(*,:U ion of Ilit' inaU'i iai, tlx* 
jiiitcnl spoia float ion slab's that . in add it ion to Ix'ini,^ an aJx aso 
it ina\ !)(' iis('d as a siihstitiiti' foi diatnoiid <liisf iin (aittin^: and 
j)olishin;^f precious stones, etc.), and aUo in llx- piepaialion of 
cai’l)ous for ('Iccuic li^litin^. 

In a Patiail ot \ddition taken out Iwd \('ars latei , Axlxson 
inodifii'd the pi ocfss, hotli in ic^prcl of tlx* conM i iielion of the 
electiic fiiniat'o aixl of tlx* niixtiii’e of niat'-ii.iU, \\hei‘el)\ aai 
inijxoved product aiul ineriaised \ icld \Nere ol)t.inx‘d. Tlx‘ 
principle on \\liieh this new fiiinace (shown as a, lateial 
cleva.tion in o aiui a-; a veitical eios-^ st'ction in I'l^- *>) was 
liased was that a consid(‘ia,)»le jKiilion ot tlx* cui leTit tia-veis'd 
the mixed C'lia.ri:<‘. whxdi oiie))t lathei to he influenced, i.e. 
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hualetl to coiivi'rsioii point, sololy by the heat I’adiated from 
the ])ath of the ciiiTent. Kor, nuk's^ tlie (diar^'e l)e protected 



Eli.. -■) Vchcsuir- Sci'oikI Em iiiU-( (E.itfinl J'lcxnl ion), 
from the pa^sa^e of tlu; ciirr(‘nt, the ci \ '^talliiie chara(;t(a' of 
tlie })rodiict is found to lie more oi ](‘ss iinpairi'd. 



Ei(i. (i. — ARhoson’s Second Euniii -e (EjirtiMl CrosR Section). 

The base .\ of the fin*nace is surmounted by a trouj^h of 
elongated rectangular form, with lateral walls and end walls 
A*. Spaces are left b(‘tween the, bricks of the side walls, so 
that the gases liber ited du ing the process can escape freely. 
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Sijiice gases tiik(‘ lire on issiiuij^ iVoiii the walls, they 

as^^ist in heating tlie fui-nace and its charge. 

The cavlion el(!etrod(*s JT in the I'oj ni ol ro(U oi' ])lates, art* 
emheddi'd in liie end walls A-'. Aeconlin^ tt.> d anti (>, 

a luimher of carbon rods are instTttnl tlnoii^li opi'nin^s, prel- 
‘t'rahly ])acked (at t/.) with asbestos. Tht'ir outt'i- ends art* 
connt‘ct(‘d h\ nit'ans of tht* (ilainpin^L; }»lale l>', to which the 
Itnlds from the sourt^e of current S are attacluMl 
• Furtht*rniore, a single carbon block 11 — as shown in h’lys. 



Fin. 7. — Sectional View ot MtMlilied Foini ol A(‘l)(“'On Fiiniact*. 

7 and 8 — may also be used as eloctrodt*, or vha sevtuu! carbon 
prisms, fastened together in a bundle., may be ein])loyed. 

Provision must be made for a snllicit'ntly largt; surface of 
contact between the inner ends of the electrode's and the 
adjacent core, and also for thti uniform distribution of the 
current between the various carbon rods. 

In starting the furnace*, a passage*, for tht* cort; C is arranged 
in the interioi’ of the charge. This core is of relractory ma- 
terial, which must be of higher electrical conducUvity than 
the materials of the charge. 

A very suitable material for th(*pur]K)se is granular carbon, 



‘2() jair.ijv A\n Till-: kmkky iNin sTitv 

tlio 8jz(' of tho, ‘grains vanin^ accordin^^ to tlio dinuMisions Jot 
llu' liiina,(‘.o and tin- amount of ciivuMit consumed. Thus, loi' 
ii\sliince, witti :i cole ahont' S tent lonu. and a ma\mimn 
(meinN ol l(Ht,(K)0 \olts- m whudt cas(> tlir diaiiK'lei ot llie 
c,oieslu>nld lx- alioiit I ( ) iiudie'-- --1 lie most sinla lile dinumsioiis 
loi‘ till' ui.nns Is onl‘-^l^Ill to oiu''littli ol an iiicli. 

This c'ore- which toinw a no\el leainie ol the sei'ond 
jmleiit -is not of iiniloim shape all the wa\ aloiiLt, hail 
diminishes niw'aids the ends, <ui arian^einenl laeiht.ilinu thi' 
])assaee ol cm lent .md eiisminii moie intimate coni.ici with 
the eh'cl miles - as shown at (' il’iLts o and Ti, which consists 
of sniallei i;iMnnles. 



To preveaiti tlie formalion ot incrustations on the eh'ctrodi's, 
from conta,(T with the material under tieatnu'nl, thi' etectrodi'S 
are allowed to extend mtf) the t)od\ ol the cort' (ai '*). 

Thi' c’har,i;e ol material 1) is then aaran^t'd round the core. 

In order to increase the «>locliical lesistance of the mass, 
and a,t the saiiu' to make thi' latter more jioioiis, so that the 
^ases m.i\ escapi' moi’e easih, llie char^^e was made up of the 
following in^u-edients : - 


\]ji{AsiVK 


I’m- 1.\ w.iJii 

(^/U) li')u (< oL»' <)) I ho hkt*) ‘JO 

Siiiid . . . ‘JO 

('oiu moil -all "i 

S.iwilu-I Ml ciok 

This ini\tin‘<‘ k jniiumicK itu-oi poi .-noil jmii stiown ,i,(>uiiil 
lhf‘ wliolr IiMijlh of llu- (*oi(‘. riiilci iho^c ( oiulit ions ih.' 

in which till' ('r\sl:ik ,ii(‘ loinn'd is sinmtcd in iho 
iniiTi(‘(li;il(‘ \H‘init\ f>l ihn coir, .iiid •i-.^.iiiiirs an ,iniiiil:i,i oi 
CN.lindi ic;i.l shiipr lonnd llu* ni.ms ol ihrroir 

Wdtli r('!j;u'd jo the cap.icilN ol tills uprol liiinacr, those 
lit tin* NiiiL^ani L’alk pl.int .iri' const i iictcd loi a. coiisiinipt ion 
ol 7i(> kilowatts, and pi odiic(‘ .iIionL ‘1 tons ol (an hoi inidiini in 
ti‘ndv-si\ hoiiis, an ontjoit cipnvalrni to .'hS kilowatls pm ih, 
the int;(M'no‘diaU‘ pioducis and t he pai l.ia,ll\ iinc.on vt'vtcd pot- 
lion ol t/ho ch<ir,L;c hritiL; Irl'i, out o) coiisidio a,l ion. If, howtwri, 
these inliennedhiU' pr<)dnc(s he iitih/i'd loi ih(' mwl chaiji, 
tdooi the consumption ol ioieit;\ pel Ih o! ca i honindiiin is 
na,tinallv lowoo’. 

1j. I'jijHl jillK’lll t(U(l ( ^ HHl r/ ( \( ) In Utl 11(1 H III Ilr//, s. 

'rhc‘ lollowiiiLi, (iescaijilion of the e(pnj)m(Oil and operation 
of 1 he ciu honindnin woiks .it Nia^.ii.i Inills m uiKeii liotn th(‘ 
work on (airhoi mid inn h\ i'dancas .\ .1. I ’lt /i;ei a Id ol ihe 

I nieniational (ira.phile (!o., Nia,i;aaa. halk, X V 

In ihe works ol tJu‘ ( wrhoi undiim Companx tlu' mateii.ik 
tor lh(* chaise, sand, c.oke, sawdust, .i.nd salt, aae stored m 
huildiiies niair the fm nace housi*. d’lu sand is ;jood i;las- 
sand, ])rc])ared i)\ ta'UshiiijL; (ptait/., lollowed h\ w.ishink; and 
drxin^. Ti contains tid'd j)er c(mt. ol silica., the cine! iin- 
|)nrili(‘s heiiiL; non aaid ahiminmin. The eokt is^nnilai to 
thsu. us(td in blast fiirna,cc work, and is ol hii;h, imiloMii CrU'hon 
conkmt. The sa,wdnst is used nieridx to lendei the nia,ss 
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porous. Salt is only added in small (|iiantitios, and may be 
of lIkj elieapest, quality ; it is volatili;^('d and ])ermeates the 
\vliol(' furnace, thus ehmmiitin^^ tlie im])urities, iron, etc., in 
th(‘ lorm of chlorides ^ 

All th()Se in^u'eduuits are stored ready for inixin*^’, tixci'pi the 
cok(', which is hrsi ])assed thronpdi a l)i-eak(u-, and is then 
raised bv an (‘levator to the scre(‘iis lor the core mattirial.^ 
Oiu' of tlu'S(> screiens sejiaiutes the particles tbat are too small 
for use in makm^f the core, whilst only those portions that are 
ol th(' ri^lil si/e loi tin* core tiaverse the mi'shes ol the second 
se.]‘('('U. Tht‘ scre(‘nm^s are then run thiou^h a t)i|)0 into a 
mill, wlu'i’e they an* ^lound, after which they ai'e raised by 
an eh'vator to llu' |)owdeied-coke bunkt'r. Fiom this rc- 
ce])tacl(‘ lli(‘ powder is drawn off into a barrow, sLandiiij^ on a 
wei;^hbnd^(‘ on winch the s(.*veral in^i-edienls of the charge 
ai’e w'ei^lu'd out. The char^u* is wei^h(3d out in i-toii lots, 
which are shot from the bariow into a hopper h^adin^^ to the 
mixing diuin by w:iy ol an (‘levator. 

According to Dammert, th(‘ raw materials are })referably of 
th(‘ i'ollowung composition 



( 'okr 

8.uh1. 

Suit 

c . 


— 

_ 

TI.^0 

0-2S 

0*01 

0*45 

SiO., 

'Volt 

1)0*55 

~ 

l’A)„ . 

O'ur) 

— 

— 

SO, 

. 

— 

— 

Cl 

O-OJ 

— 

0*()4 

Kc.,0, . 
A1,>0.. • 

. . . 2-22t 

1T>UJ 

0*211 

- 

CrtO 

0-lH 

0-07 

— 

MgO . 

0-0<j 

0*02 

0*47 

Kry) ) 

0*1)2 




Na.,()/ 




XaCl . 

— 

— 

1)8*54 
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The mixture is then coiipiounded oi 

— 


I'd 1 dll 

SmikI . . . . 

-H-l 

Coke 


Sjiwdn^t . 

im; 

Salt 

u-o 



In his Austrian PatiMit, No. 12,110 
the ratio of tlie mixture .is • — 

(1S94), Acbesoii 

Cm lion 

I’d dll! 

K) 

Sand 

10 

CijiJiinoii s:ilt Ol aiunuiimin Mlicalc . 

‘JO 


100 


Since 1892, tiie furnace plant at the cai'hoi uii(.hun works 
consists of lifteen furnaces (each ol 710 kilowatt*.), nica^^iiriii^ 
23 foot in len>^th outside, tlu' internal dimensions Ikmii,*; • leni^th 
101 feet, wudth 0 feet, luu^dit O i fe(‘t. The side w^alls are ic- 
built for each charge, the end w^alls, w ith the electrodes, heni'^ 
left standin^^ The electrodes arc com))Osed of twenty-live 
carbon imls 33 inches lon^ and 4 inches square, built into 
the end walls in horizontal row's of live each. 

On the outside, and betw'een the horizontal lOw s ot carbons, 
are arranged copiiei’ plates 4 inches wide, \ inch thick and 20 
inches long ; the perforated ends of these ])lates jirojecting Iroin 
the carbons, in ordei’ that the current leads may he liolted on to 
the plahis. 

The diameter of the core in these furnaces is 21 inches. 

The electric energy required for the furnaces is lurnished by 
the power station of the Niagara Tails Pow’er Go.,*^he cm rent 
being of 2200 volts tension, which is reduced to loO volts In 
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trarisfoniKMS at tla* carborimdiim works. Furthormore, the 
t(!iisioii of tlie secondary current can be varied from 7-'^) io 210 
volts, in nniform stages, by means of a re.^nlator arran^ifed 
betwia'ti the furnares and transformeis. A unit, consisting of 
a transformer and a re^nlatoi, is provided tor each set of live 
tui’nai'es, but. only one fiirnaec* is coniH‘et(‘ 1 ii]) with eaidi unit 
at anv one tune. The lusion process takes thiit\-six lioiirs. 
At the start, lull tension is availa.hle until the consninjition* of 
(Uiere’N In the liu naee lias attained 710 kilow alts. In propov- 
tic.n as the K'sistanee diiuinisli('s, th(‘ t.eiision is tlum loweied, 
hut ni sueli a. manner that the consumption of energ\ lemaaiis 
constant thioughout When lIu' lusion process is complied, 
the cm lent is shut nil nt the t.ransloi niei h\ opening th(‘ 
piinia.r\ e.iicuit, wla'reupon the ca.hles aie <lela('hed fioin the 
luiaiaice and attached 1() the next one that is read\, an opcuu- 
tion tluit can he ])erfornied in liv(‘ minutc's. 

The lusion process itself is a highiv inteiesiuig one, and is 
desci'ihed h^ l‘'it/g(‘rald as lollows- — 

“ When tlu* (jai’horundum furnace has been running lor 
about t\\(‘nt\ minut(‘s, a. ixuailiar smell is noticed, aiising from 
till' gases escaping fiom the furnace as a jx'sult ol the cha.i’ring 
of the sawdust m the mixture. On a light Ixuiig brought near 
the lurnace walls, the ga.s, which consists chieil\ of (tarhon 
monoxide, ignites with a slight exjilosion. To jirevent the 
jioisonous gas from (‘sca})ing, unconsume^d, in such la,i-ge 
(piaiitities, it is ignited as soon as possible, though otherwise* 
Ignition would ensue spontaneously after a short time. 

“ In about one to two hours the furnace will he completely 
enveloped in the burning monoxide, and remains in this con- 
dition throtTJthoLit the rest of the process. 

“ Meanwhile the mixture, wdiich at first was iiih'd to a height 
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of over 3 le('t above' the ii))|)('r of ilie luiiiace' walls, 
^Tadually sinks uiiLil, by ilu' linu* tlu* ])ioc('ss is coinjileted, it 
is only leve*! willi oi lielow tlu* 

“ SoiiH'tiines, llu' pln'iionunion Known as ‘ blowini; ‘ occurs : 
;,fas('s w'bicli have lonncd cavities in tbe cliai^c, l)iirst- 
ni;4 out wdtli eieat violtaicc :ind caii'^in^ a loud bowling noise, 
white hot niass(‘s bi'in^ also |)io]ci'tcd lioin the inti'noi of 
the tiirna(;e. 'rh('>(' ^asi's burn in tin* air with a (l(‘i‘]) vi'llow, 
bji^bl fkinu' , blit il a. juece ol cold non loi’ instance be held 
in tb(‘ tkiine, it innnedia.teh becomes <oated with a while 
de'posit ot .-iilic.a. 

‘ When tlu' piocess is at an end, and tbe cniii'iit has been 
t uriK'd oil, 1 la' side \\ ,il!s ol the I'ui nace are pai t i<dl\ disiiiaait led, 
and the loose, uncon\erled mixtiiK' is i-em<)\ed. Altei c-oolin^ 
for sev(‘ra,l hours, the crust ol uncon\ei te<l cliai;^e and the 
‘wlnti' sLuif” surroundin,it tbe carborundum an* also taken 
away, iollowa'd b\ tlie ujiper poiaion ol ila- cAlindei ol car- 
hot undiiin, a.nd tin.ilK by the lowei hall ol s,im(' ” 

3 , J 'll njti‘<U loll and I*i ojtci I irs of ^ 'tuhoi innhuit. 

Since' tlu'ie are aKva\s tbiee tuinae-es in woi k iit the' sa.me' 
time', the' out])Ul in t}nrt\-si\ bom s amounts to iieai l\ ‘d.l tons, 
(■(jUivale'iit to a pioduedion ol about bj tons ])<‘r diem. On its 
re'inoval from the' furnace', the' carborunel um is liisl ci iisla'd in 
iron mills, and is then transle'rreel to lar^e w«)oden vats linesd 
w'ltb leael, where it is lixivateel with eemeeaitrated suljibnrie; 
aciel feir se'veral hours, m (’ueb'r tei le'iiiove' \iirious nnpiii'ilie'S. 
Afte'r this it is washed witli wateu m lone wooeh'ii ve.ssels, the 
w^ashiii^^s bein^' passt'd tbroiitth settlmp; tanks m oreh'r to 
se'paiate the powdere'd carborunelum troin tlie ‘.grains, wliich 
can the,n be recovereid sejiarately. 
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'rUc washed and dned carhoriinduin is next passed over a 
senes of ^nadcs I'an^in^ in size troiii No. H io 2li0 ; and in 
addition to tfu' various ^nades thus ol)taiiied, tlun'e ari' tliree 
f^nades ol ]) 0 \\dei', pi-e])ar(‘d by levi^atin^ the carliorundnm 
dust de])Osited in the siatlin^^-lanks. 

To niak(! indstones and <>friiidin^f discs, the ^U'aiiis of car-, 
hoiundinn are mixed witfi kaolin and felspar, the mixture 
ht'in^ moulded under hvdrauiic ])ressure, and fired in a kjln 
I'esemhlmj^ a ])otrer\ kiln Ca.oiitchouc and sludlac may also 
he used as hindin^ media I'oi- this jiurposte Finally, carhor- 
imdum IS also ))iU on tlu* marki't in the loim ol carhorunduiii 
cloth or “ paper 

With K'specl to the propiM-ties ol ca.rhorundani, the speealic 
^u-avitv \anes Ix'tweim .‘.M7i and 3’214. Thi* crystals are 
rhomholu'dral. 

Uuh>, conmdiim, and sometimes diamonds, are scratclu'd 
h\ carhoriindtmi, which is jilaced hetween h and 10 (hut 
neart'r the latter) on Molds scale of liardni‘ss. 

If cai horundiim he adulterated with corundum or emeiy, 
tlu'se admixtur(‘s ma\ he detected hy placin'^ the sam])l(; in a 
solution (specific gravity d-n) of methyl iodide in heiizol, as 
they will subside in this liquid, leavin^j; the carborundum in 
susjiension. 

Other uses ol carl)orundum com})rise refractory material 
(lining for metallurgical furnaces), to re])lace ferrosilicon in 
steel making, and for the prejiaration of silicon. 

1. OiUjiut of C arbor inuhini. 

The following table illustrates the rapid growth in tluj pro- 
duction of carhorundum in the United States. 
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OUTVl'T t.i CvillK 

HU 

1 S 02 r.ioi; 



Year 

It. 

Yeai. 

11.. 

Y. :ii 

10. 

V...1 

11. 

]8<)2 

1000 

]S‘M> 

1,207, SOU 

1000 

2.o:ji,!»oo 

1‘I01 

7.o(io.aso 



1SU7 

],2.-)(1.400 

1001 

a, SOS, 17-7 

]!I0.7 

7,7!l(‘),000 

ih;m 

;i2,20U 

IS! IS 

],417,lMH) 

1002 

:5,7 11,-700 

lour. 

(;,22.7,;;oo 

1S!)5 

22(1, 000 

1S!)1) 

1,711,21.7 

lOOH 

I,770.s!IO 




* The maimfaeture ol e.ivhornndiun has also Ih.hmi coinnuMicod 
ill Austria, Canada, France, and (ieinian\. 

T-he pi'osf'iit ]Hic.(' ol cailiorundinn is aliout l'.>2 ])<‘r ton, or 
works. Fnlorliinalelx , it !•- l«.)o hiiitic to nsr alone as an 
abrasive, and I be inoio piomisint; U.s (‘cononiic I'HieiencN at 
tb(' comnienceiiKMit ot workine, the sooiu'r it wears awa\ . 

(7/) Arlificml i'ornuduni. 

Artiiicial corundum has been manul’acturi'd uninteiruptedly 
sirico 1837, thou^di for the most jiart only for the production 
of jewellery. 

Within the ])asl few years, how<‘ver, works have been 
established at Niagara Falls for th(‘ prepaiation of artiiicial 
corundum for other purposes as well. Though the manufactu)-- 
ing process is maintained a profound secret, it is knowm that 
the process relates to the ti’eatment ol Georgia or Arkansas 
bauxite in the electric furnace, under high temperature and 
pressure, to imitate the reactions and conditions under which 
natural corundum w’as foi-med. It is also known that great 
difficulties have boon encountered in carrying out the ])roccss. 

A French Patent has been taken out by W. Wcnlein, for 
the preparation of artificial corundum, undei- the name 
“ diamantite ” ; and this invention is being tried in Rh(‘infel- 
den. 

Corundum can also be produced from the w^ast^ matter 
from alumino-thermic processes. This corundum is ])artic' 

3 
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iilarly hard when the; raw material is derived from the chrom- 
ium process, th(‘. product containing traces of that substance. 

Still another ])rocess for the jjreparation of artificial corun- 
dum was made public in May, 1908 (“Mining Journal,” 27 
June, p.781). According to this jnocess,! 00 ])arts of pulverized 
fused ])orax, 100 pans of aluminium dust, and 12t5 parts of 
flowers of sul))hur an* mixed in a crucible and calcined with 
a mixtuie of magn(‘sium and barium dioxide. When cold, 
the nu'lt IS treate/d with dilun* ammonia ; and the aluminium 
hydroxide, formed by the decomjiosition of the aluminium 
sul])hid(', is eliminated by iiK'ans of hydrochloric acid. 

Finally, a i-esidiu* is obtaiiu'd which contains globules of 
aluminium, brown flakes of boron, and a white crystalline 
powder of corundum. Afbu removing the metallic glolmles, 
the boron is dissolved in nitric acid, halving thv jnire crystal - 
liiK’ alumina, i.e. corundum, iK'hind. 

Several (Tt'rman ])atenis have been taken out for mak- 
ing corundum artificially. For instance*, the Fat(*nt (No. 
97J(18) of Dr. (1. l)bllner of Kixdorf is for a ])roc(*ss of making 
artiiicial, fused, oi sintered corundum. Powdered aluminium 
IS intinnilely mixed wilb oxid(*s, jieroxides, or other metallic 
compounds with oxyg(*n, a characteristic feature of such a 
mixture being that, when ignited by suitable means, it reacts 
endothermally, owing to the extremely high combustion tem- 
perature of aluminium, and causes the formation of aluminium 
oxide, acconi})anied by separation of the metals whose oxides, 
peroxides, or other oxygen compounds were used. 

In this reaction the aluminium oxide is comj^letely fused 
and solidifies, on cooling, to a mass that is characterized by 
extreme 'iiardiiess. The non-m(‘tallic components used in 
this process may consist of nearly any oxygen compound, 
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though, of course, the temperatures attained in pi’actice will 
depend on the amount of energy required to decompose* the 
oxygen compound em]>loyed. Oxides of tin* heavy metals 
are specially adapted for this proci'ss. 

In addition to the aluminium oxide (corundum), tlien*. is 
formed a metal or m(‘talloid, which may eith(*r he eliminated 
by metallurgical means, or left in a more or l(‘ss tiiu'lv divided 
sta^e in the fus(‘d aluminium oxide*. 

Thus, a mixture of chromium oxidi* and aluminium fur- 
nishes both the alumina aiul sejiarated chromium in a mol- 
ten condition, so that on cooling, two strata are obtained : 
an iqipt'r one of aluminium oxide, and a lower om* of im'tallic 
chromium. If, howevt'r, cluomiiun oxide be replac'd, for 
instaiic(', b\ boric acid, the boion does not sepanite out, but 
r(*mains linely divided in aluminium oxide. 

The corundum obtidned by tin* above process is so bnixl 
that it IS able to sciatch natural einer\ , and can replacie dia- 
mond for any t(*chnical jmrjioses. It is, moreovi'r, superior 
to diamond and silicon carbidi* in oik* r(*spe(;t (bat should not 
be undervalued, namely that it can be prejiarc'd m solid blocks 
of any desiied size, which can be (uit into the sba])(.* of grind- 
stones equal in durability and elliciency to thos(! pi'oduc(*d 
in any other way. Th(* mateiial is also suitable to rt'place 
diamonds in drill crowns; and it should be jiomted out that 
the dulled edges can lx* sbarjiened b\ chipping. It can also 
be crushed in the same wa.y as eiiu'rv, and then moul(l(*d 
in the usual iiianiK'r, with or without a binding iiK'dium. 

Mention should also Im* made of a jjiocess for converting 
native emery into anhydrous, iron-friie corundum, jiatented 
hy F. Ilasslacher, Frankfurt-on-iMain (German Patefll j. 

The inventor bases on the fact that native emery is not pure 
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conuidiim, l)Ut n inixtmv of this substaiicf' with metallic 
oxides, especially It'i-ric oxidi% of which it may contain as 
much as 30 ])('i cent. Now the ])i-i‘S('iice of this ferric oxide 
imp:iii‘s th(' al)):isiv(‘ powiT ol iheemeix considerably; and 
the liOter niii\ he ])urified in the lollowiii}^ maniK'r;” 

The nativi' eineiA is mixed w'ilh a quantity of ch.ircoal ov 
powdeird coke coriH'^pondin;^ to the peiceiita.;;** ol ferric oxide, 
and is tlum (‘xposinl to th(‘ arc of an iilternatin;^ current in an 
electiac tnrnaci'. I'nder this Iri'atment th(‘ mass fuses to- 
^uetluM', the finile oxide Ix'in,^ at thr same tinu' leduceil. by 
the caihon, to metallic non, which melts and inns to^Ttlu'r in 
lumps 

Native I'liKS N also contains iq) to 5 ]>er cent ol combined 
wati'i , the pH'setice ol which is a sourci* af considerahUi trouble 
in the hakin.i; of emf‘r\ discs at hii;h temperatures. This 
w’aiei also is eliminatiMl In the above piocess, the rt'sultin^^ 
corundum hi'in^^ not onl\ free from iron hut also anhydrous. 

A furnace lor carry! ni^ out this process is shown in Fi^e 9. 
The furnace waill A is made of hrehiick and ri'sts on girders 
H, so as to h‘av(s hel\veen the furnace and the llooriii}^, a space 
B into which the molten emery can run down through the 
ojiening 1). The two carbon electrodes CC of an alternating 
electric current project into the interior of the furnace. 

The modus operand i is as follows:— 

The round opening 1.) in the bottom of the furnace is 
covered with a fusihhi jilate P (of glass for examjile). The 
tw'O (dectrodes aix' then intioduced, and brought to within 1| 
to 1-A inches of each other ; and the interior of the furnace is 
chai’ged xvith emery and powdered carbon, a few' lumps of 
carbon being placed, in order to conduct the current, betw'ecn 
the tips of the electrodes. When the current is turned on 



AlillASlVr. MATFJMAliS 


‘M 

those lumps become white hot aiul Ctius(‘ the cmt'iy to melt ; 
aiicl while in contact with the molten (‘Ukty, an* ahsorljed hy 
and reduce the contained fen-ic oxide, so that in a wvy short 
time an*el(;ctric arc is set up between the electrodes, its for- 
mation being revealed hy a buzzing noise*. 

In a very short time thei'e forms round this aic a mass of 
molten eiiuiry, which is surrounded by a iigid crust on the 
side next tlu* unmelted material K. 



f lo, 0.— HaKBlacher’K Furnace. 


Carbon monoxide gas esca})(*s (hi’ougb the cracks in the 
t'urnac(‘ walls and the surface ol this charge, which gas burns 
with a blue flame when ignited, and indicates that the n*- 
duction of tlie feriic oxah* is in pi ogress. 

As soon as the glass plate T fuses, the molten enu'ry runs 
down, as a stieam of brilliant whiteness, into the under 
chambc'r H, tht* fiooi of which is pi<*ferably strewn with 
ordinary, coarsely jiowdered (*mery, in order to protect tlu* 
hrelirick from the (*xtremely high temp(*rature ot the mass. 
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Whon a fresh quantity of the charge is allowed to descend, 
by hreakin;^ tlie solid crust with iron bars, the fresh influx 
of char^'o. cools down th(‘ })reviously molten emery lound the 
0))enin^^ 11, and clos(‘S the latter, whicli do(iS not rcwuui until 
the surrounding ])ortion of tht' charj^^e has fused onc(' more, 
this octcmMinfj^ at th(' mid of ten to fifteen minutes, so that the 
proe.f'ss ^r()(;s on continually. 

Idle solidilii'd product is crystalliiHi, nearly colourless, with 
a liistie like quart/, and occa'^ionally dull red (rul)\ ) or blue, 
in which latter event lieautiful dec*]) blue, tr.ins])uient crystals 
ol sa))})hire will hi' found :i|f}^domei‘aLod in small cavities in th(‘ 
mass. 

k’or emery containing about 25 ])er cent of leiiic oxide, an 
addition of 5 pc'r cent of carbon is reipiired, though, as the 
electrodes lui'nisli carbon to the mass, 4 ])er cent will sulhce. 

The dupositi'd iron contains some aluminium , and this 
aluminium-iion is then collected m hieakin^ u]) the molt, and 
IS se))arated h} means ol an electro-maj^netic separator. 

In Avorkiii'^f on the lar^e scale, a dynamo of 300 anijxues 
and 110 volts is used ; and measurements taken during \vork 
give an anqKTage ot 250 to 300, with a voltage of 40 to GO at 
the terminals. 

A suitable raw material for this process is atlorded by the 
dust [>owaler from the emery mills, this material being of low 
technical value otlKuuvise. 

As regards the ])roduction of artificial corundum, or alun- 
dum, in the United States, the output of the Norton J^lmery 
Wheel Co. in iOOG amounted to 4,712,000 lb. (value 
$ 282,720), and in 1905 to 3,012,000 lb. (value $ 252,840), 
corresponding to an average price of 5 cents per lb. ; wdiereas 
ill 1904 the production w’as 4,020,000 lb. Most of the above 
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output is consumed in the Noi’ton Go’s own woi ks, for the 
preparation of corundum ‘^rindin':; discs. 

((’) Crushed Strrl. 

Crush(‘d steel is ])roduced in a s])n(iial factor\ at Pittslnii'j^ 
U.S., and is chiellv used for cutting up blocks of marl>le, ^raiiite, 
and other stone. A hii^h j.'rade of (U'usIkmI steel, known as 
steel emery, aeier eiiK'.ri, or rou^e, is em]»lo\ed lor i^lass-cuttiui.i. 
and costs about o cents per lb. at the works. 

The followin^f table shows the out|)ut of c.ru^lie.d steel in 
the United States durin^^ the ))ast tew \ears. Trices I’anj^od 
between and iO ciuits per lb. according to (|uality; and 
the output in 100;j was lari^ely made up ot the hi^^her 
grades. 

Piioin'criDN CitrsHi.i' Sn;n. IN jiii I'mi'i h S' \i'i is'.H r,M)"> 


Yi‘iu. 

U>. 

'H'.U. 

ii. 

ISUS 

()1)0,(H)0 

1!M).; 

7.7:»,ooo 

IS! ID 

♦o-yooo 

1004 

7!>0 000 

1!M)0 

700,000 

100", 

»; 1 2,000 

1‘IUl 

1!»02 

0!)0,000 

7 Bo ,000 

1000 

s:{7,ooo 


(7)) VAcctuie. 

In conclusion, mention may be made of auothei' lecently 
invented artificial abrasive, intermediate in properticis between 
carborundum and American artificial corundum. Ulectrite is 
uniform in texture and extremely tough, so that it oilers very 
powerful resistance to a crushing force. Thij grain is sharp- 
edged, though the structure is amorphous. 

The prices of the principal abrasives, m the form of grains 
per ton, free Paris, are as follows ' — 
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Fiaiii-s 


1. 

Cnniidiiiri eorumliiui 

700-1000 

(T2S.t40) 


NaXOK tMJKTV 

HOO .150 

(4;12-£14) 

H. 

Tiiikish rmcry 

250 - :{00 

(£10-£12) 

4. 

Garnet 

200 - 250 

(£H-£10) 

T). 

Lipan pnmioe 

00 

(£2 C) 

<>. 

Tripoli .... 

125 

m 

7. 

Konj^li (erushed steel) . 

00 200 

(TO 12R.-tH) 

H. 

Cai horn lid uni 

HOO-llOO 

(£;i2-tl4) 

Tlie prices al American works in 

1905 were 



Ca,nadian eoinnduni 

•11-54 eents jicr lb. 

10. 

Garnet (roiipli) 

.riO-.'l 

2 per ton. 

11. 

Tripoli ..... 

.^:coi 

per Ion. 

12. 

Carhoriniduin .... 

7-10 

•ents per lb. 

i;{. 

Crushed steel .... 

.54-11 

cents jier lb. 

1 1. 

Alundnin (artitieial eoriinduin) . 

. 7 cents ]ier lb. 



CIIAPTHK 11. 

EMEIJY AND GRINDING DISCS. 

Of all th(j al)rasives mentioned in the ])revions chapter, 
emery, coriindnm and carboiiindum have attained l)y I'ar the 
^^reatest importiince foi ‘^rindm^^ purposes ; and, in fact, our at- 
tention may he restiichjd to the lirst of tlnise three suhstances 
111 devotiriu fin-ther consideration to this new and compai’atively 
youn^ industry, hecaiise (tverythin)^ tliat may Ih 5 said on tlie 
development of the emery industry in all its sta^^es, applies, 
mutalis uLitldiidiH, to tlK‘ otlier two. J^jinery is used for a 
^.(roat vai’iety of ]mrposes in connexion witii i^uindinf^ and 
polishing; hut its chief uses may ])erhaps h(‘ ‘grouped into the 
three following classes : — 

1. The preparation of emery discs and emery wheels , 

2. The further treatment of emery discs ; 

3. The grindin^^-machine industry. 

1. The Pkepatiation of Emfky Discs and Emeiiy 

WnFEiiS. 

The })rogr(‘ssive develoiimeiit of German industry, which 
took its rise in tlu; middle ot the nineieenlh ceiitui'V, and, 
after a slow he^nnnin*^, ])roceeded to f^row with increasin^r 
ra})idity was accompanied by incrc'ased demands on the 
makcTS of rnachiiu'ry, to an extent that surjiassf-d hy capacity 

the tools availahh* at the time, 

(41) 
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Tiic h(!iivy com])ulsion of (^xtrisme necessity then led to the 
establishment of an entirely new branch of industry within 
the extensive ^^eniu'al machinery industry, and one that 
se(uned, durinif succcH'din*;' di‘cad(5S, ca])ahle of raising th(' 
('utirc' inachiu(u-y industry to a far hi'jfher hwel than Ixjfore : 
namely th(‘. machine-tool industry. This industry was de- 
si^med to follow the march of events and ket'p pace with tlu^ 
^TOwin^Mequirt'ineiits of tin; world marluT, by replacin'^ the 
limited capaliilities of hand labour by machine tools, cajjab'k' 
of rumiinj:^ day and ni^ht without fati^u(\ and of increasing 
the output b\ ten- and evim a hundnxl-fold the (piantity })re- 
viousl\ turned out by even the most industrious workman 
when usiniJj all th(‘ forces at his commaml. 

Th(! ev(M -‘^rowing competition led, inter aha, to a demand 
for good, up-to-date grinding tools, in ])lace of tlu' old, iiieffi- 
citmt grindsloiH' or hand fill', so as to yield better and, above 
all, quicker results. It is true that emery was already re- 
gardi'd as the best abrasivii known ; but it was then chieliy 
usi'd in the foi’in of grams, whereas the task to be accom- 
plishi'd was to discover another form, more suitable for op- 
erating by mechanical means. 

Till’ first step in this diri'ction was the jn oductioii of emery 
grinding wlieels which, in contrast to the natural sandstones 
])reviously used, had to be inadi* exclusively by artificial 
means, and consequently presented a task of considerable 
difficulty, the requirements to be fulfilled being by no means 
easy to satisfy. For instance, an ennu-y grinding wheel must 

(1) be able to resist completely the action of centrifugal 
force ; 

(2) have great durability, in order to compensate for its 
higher initial cost by greater working efficiency ; 
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(3) be insensitive to atmospheric influences of all kinds, 
especial 1 3 ^ damp ; 

(4) be sufficiently unifoj'm and hard to p(M*foi‘m the most 
divergent* tasks placed upon it ])y the material (cast and 
wrought iron, steel, bi-onze, biass, copjier, nick(‘l, glass, m:n hl(‘. 
etc.) to he ground, and the sha])e of th(‘ work (edgt's, plain' 
surfaces, saw' teeth, s})irals, (‘ic.) to be tr(‘ated : and linall\. 

(5) the binding rmalium used must Ix' free fioni all dt'le- 
terious ingredients cajiahle of a.lfecling tin* health ol the 
grind(‘r. 

(a) The JlnKinuj Med i inn. 

It w’as in eoniK'Xioii wdth this fa.eAor that th(‘ giea,test dif- 
flciilti(‘,s arose. Natur.ill\ , at lirst, recourse was had to suh- 
stances tliat harden liki‘ ctanent ; and th(‘ earliest (*ni(‘i y 
grindstones wane* made in this waiy , h\ the cold jiiocess. 
This system, how'eviu', was highl\ unfavour.ihle, on ac-count 
of the great unreliahility of the resulting product in use. 
With discs ot tliis kind, breakage was an c‘Ver-))iesent con- 
tingency, owing to th(‘ faculU of chemical compounds for 
l)ocoining active under certain conditions afUM- \(‘ars of fpiies- 
cence, and thus setting uj) alterations or stresses in the interior 
of the discs, the consequence being the iormation of cracks, 
or the splitting and hursting of individual portions. Tlu'si.' 
stones also naturally suriered considerahl> under atmosplua ic 
influences, being, therelori', liable to “ wauither,” and reipui- 
ing to be stored in the dry. 

Moreover, the qiiahtv and grinding jiroperties of thesi' 
wheels was impaired h\ the jiractical elimination c^f the ])oi- 
osity of the emery by the use of similar cf-mentitious binding 
media, wdiich filled up all the pores ; and on this account, 
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such discs \ver(‘ very liabl(‘ to slip in contact with the work, 
instead of (‘xerting a grinding effect, especially when made of 
fine-grain emery. Their only advantage was cheapness ; 
and they were very well termed “ cheaj) and nasty,”. Prob- 
ably the only use to which this class of grinding disc is now 
applied is for rough grinding, and their practical employ- 
ine.nt entails the adoption of s])ecial pr(‘cautions, guards, etc. 

A bt*tt(ir medium was tliat made with vulcanizc'd rubber. 
Wbc'els made in ibis way had a very high working capacity, 
('Spi'cially under lu'avy pressure and when running hot, the 
binding nu'diuni then burning awa\ . In other respects also 
they were tar inon* reliable in use than the discs made by the 
cold procc'ss, and would c(.’‘tainl\ have be(‘n able to r(‘tain 
their hold on tlu* market for a longer janiotl, W(']e it not for 
the adverse influc'nce of various other circumstance's, 

In the first jilace, a new binding medium — the so-called 
ceramic im'dium — was nivenu*d in America ; and on the 
oth(*r hand I lie rapid giowtb of the motor-car industry led 
to such a rise in the })rice of lubbei that the vulcanizod- 
riibber grinding discs w('re no longer able to meet coniju'-tition. 
Nevertheless, this rubber medium exhibits the propi'rty of 
high resistance to wear, and usually imparts long<‘vity to the 
discs, its elasticity, moreovt*r, rendc'ring it peculiarly suitable 
ior use in thin discs, [n addition it can be used for grinding 
various kinds of metal, and also for wet (water or oil) or dry 
grinding. 

Still other forms of binding medium made their appear- 
ance, sonu' of which are still successfully used. One of these 
is the oil .medium, equally adapted for wet or dry grinding. 
Although grinding wlieels of this kind ajipear very delicate, 
they act with considi'rable energy, and aie particularly suit- 
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Oible lor iiiachiiie knives and saw tet^th, in aiuo* 

imxtie "rinding inachini's, as well as foi- grinding soft nu‘t,:ils 
and oth(ii‘ soft materials. 

Greater hardness and dnra])ilily is e\hiiuU‘d hy anothts 
kind, nanndv gi-inding whecds made with mitn'ral binding 
medium, which, though onl\ lit lor <lr\ griiulmg, are (^x- 
celhmtly ada])t(al foi’ rough grinding an<l tinislung wi ought 
or .cast iron and steel. Shellac, glue. ruhlxM-, and ^ul- 
])hur have also Iksmi used as binding media. 

All th(‘se methods, howev<*r, a,r(* lai sui passed hy the c(*r- 
amic binding medium, whudi was fiist used m Anaa‘i(;a. 
Th(‘ binding mt'dium is vitriru'd with the abrasive at wdnti* 
heat, in pottery kilns, whinv the goods are lired at the maxi- 
inuiii heat of the kiln, and thus r(‘tain their cutting pi‘ 0 ])erties 
and reliability in work. Tn contrast to other Imiding nu'dia, 
the medium iti the grinding wdii'cls, made according to this 
system, does not diminish the grinding power. On ihi' con- 
trary, the highly porous ti^xture of these wlnads gnnitly in- 
creases their utility, so that the\ can lie emploual lor grinding 
soft, smeary materials, such as mild sU'el, brass, r(‘d lirass, etc., 
without smearing. 

Moreover, the ti^xtun^ of thes(‘ wdieels is unalterable, and 
they are insensitive to atmospheric infkamces, cold, heat, oi 
moisture. They do not throw olf any dust or smell in use ; 
and, in wet grinding, tlunr porosity cause's the xvater to he al)- 
sorbed, and consequently given off again, in the form of tiny 
particles, to the work. 

{b) Hardness and Grain. 

The hardness of the binding medium is a verj^ important 
factor, and expresses the degree of resistance it ojiposes to the 
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detachment of the grains of emery. This hardness, of course, 
has nothing to do with the hardness of the abrasive, the grains 
of which are emh(‘dded in the medium. Emery wheels can 
be obtained of varying degrees of hardness, according to the 
kind and quantity of the binding medium used and the degree 
of pressure apjdied in the manufacture. This hardness must, 
of course, he commensurate to the kind of work for which the 
emeiv disc is to ))e used, since, otherwise, it would readily 
smear, through the collapse of the ])ores, or it would wear 
down too quickly. As a rule it may be said that the greater 
the degri'e of hardn(‘ss of the disc, tin* smaller the amount of 
wear ; Imi on the' other hand, tlie lower its abrasive 
capacity. 

The degrees of hardness are, unfoiTunately, arranged by the 
various makers on different prineijiles, though the introduction 
of a uiiitorm scale is highly desirable. 

A well-delined scale of hardness comprises, for example, 
all the letters of the aljihabot, i.e. twenty-live to twenty-six 
degrees, as follo^^s 


Si VLI', OF IlAUI>\r-Ss. 


■^rc'f A very sott 

Decree N medium 

„ s 

,, 0 „ 

|> 

„ 1> 

,, medium hard 

,, E bott 

II 

,, I’ „ 

„ s 

„ 0 „ 

T 

„ II „ 

,, V hard 

„ I „ 

„ V „ 

,, J medium soft 

„ w „ 

,, K 

„ X „ 

„ L 

„ Y very hard 

,, M medium 

M „ 
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The letters between the terms “medium soft," “medium,” 
etc., indicate regular gradations, so that disc K, for instance, is 
two degrees softer than “ medium,” whilst, on the other hand, 
disc 0, for instance, is two degrees harder than “ medium,” but 
not quite** medium hard”. Oth(ir scales are sulidivided into 
a smaller number of degrees ; l)ut each mak(‘r of these discs 
supplies live chief grades of hardness : “ hard, in (‘di urn hard, 
'me^lium, medium soft, and soft”. 

The class of grain of the abrasive material forming the disc 
is also of importance with regard to the ])ur}) 0 s(' for whicli 
the disc is intended, the size of th(‘ grains depending on th(‘ 
hardness of the article to be ground, and on the accuracy or 
smoothness of the surface to be )»ioduced. 

The grain, which also governs the roughm'ss of the disc, is 
classified according to numlx'rs re])rt'senling th(‘ numhej’ of 
meshes per inch of th(‘ scretsiing siev(' used. The talih; on 
]>. 48 gives tlie most suitalile d(‘grees of hardness and grain 
of carliorundum discs. 

Generally sptsaking, th(‘ finer numb(>rs are used for obtaining 
delicate, fine finish, and thendbio loi fine metal woik, shaiqien- 
ing knife blad(*s or sharj) instruments, etc ; whiUt the middles 
numbers are for finishing off metals, coarse tools, etc ; and 
the coarse grades for grinding away larg('r (juantitios of 
metal. 


{c) Peripheral Vclocih/. 

Another point of importance is the ])ei-ipheral vi'locity at 
which the discs ai-e run, alterations in this particulai- having 
an extraordinary influence on the result of the grinding, since 
there is no doubt that the amount of work done 1^^ one and 
the same grinding disc will vary considerably at different 
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s]>L'e(ls. As a the following consirh^ratioiis should be 

horiKi ill mind : — 

Other eoiiditioiis hein*,^ equal, and on the same ])iece of work, 
a soli ^j’indin^^ wheel must he I’lm fastei' than a hard one, in 
ordei‘ to ])i(‘Vent exeessiv(‘ w(‘av ; whereas, coiiv('rs(‘^y, a hard 
disc must l)(‘ run more slowly, so that it may bite Ix'tter and 
not cause the work to ;^(‘t hot and th(' por(‘s of tlu‘ disc to get 
smeart'd. The a])|)eaianc(‘ of these latter phenomi'na is a i^ign 
that th(' disc is too haul for th(* work m hand and the actual 
sjK't'd (‘iiqiloyed. Tin* defects may h(‘ ohviaU'd h\ taking a 
softer disc, or reducing the speed at which the hard disc is run. 
On the other liand, howc'vei , the speed (muuher of revolutions) 
ot every disc must h(‘ incnnised in ])roportion as the disc wears 
down, in oi'der to maintain the right jieriplu'ral velocity and 
full w'orking capacity of th(! disc as nearly constant as jiossihkn 

S(’iTAT!r,r Huievrss vni> Giuin or C.vi;r.niu'M)rM Discs rou Vviaoi's 
Ola''SI.s oi W<*i:u. 


Work. 

Oram. 

]larlines^. 

Hard steel jaws — 



Outer snrtace 


0 

Inner sui face 

100 

L 

Extra hard 

so 

K 

Chill-cast jaws 

24 

H 

Bronze and brass castings 

24-:ir, 

I 

Wrought iron slide valves 

40 

K 

Lathe jioppets 

lOO-iriO 

L 

Turning and planing steel 

HO-40 

I-J 

Turning and planing gun steed 

BO-30 

I 

Chill-cast railway wheels .... 

24 

G-H 

Chill-oast hardened manganese steel 

If) 

H 

Cycle frames 

30-36 

H 

Milling cutters 

60-80 

L 

Milling (back cut) 

60 

0 

Swage forgings 

24-36 

G-I 

Screw stocks 

60-80 

L 
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(’l,\ssl S Ol- WtiRK, 


ContinU'ii. 





(it. nil 

H.n lilt 

CaKtinj^s, lar^f(‘ .... 



l()-2l 

(l-ll 

Castin^R, small 



•j'.) :{i) 

(Ml 

Caiitings 



LM) 

K 

CastinpiK (tinishmm . 



(10 -so 

11 

Chill (aistiim'- .... 



•JO ‘J1 

11 

Chill-steel ha'ls l rein(>\ ni;:: bun) 



•JC:;o 

C 

riaijiM^-maeliiiie cutters . 




() 

Wood-inilliu^f tools . 



jo-r.o 

M-\ 

\\V)od drills .... 



:{(;-io 

h-M 

Cold (ihisids .... 



•J i-.bi 

11-4 

Ihiek saws .... 



10 III) 

IM 

Mild-steel piston nuns (liiiishm'/) 



so 

,1 

Ma.elnne p irts {LTenerali . 



•JO .to 

(1 11 

Metal Haws .... 



70-so 

(Ml 

liroaclies ..... 



• 10 -so 

L 

lied 1)1 ass CMsIiii^f-. . 



:to 

II 

Miilleiible castiii'^s (lieiiwj 



•jd Jl 

1! 

Malle i bb‘ castiii'.'s (li<j:lit) 



•j) :-‘.o 

11 

Wrouf^ht iiou (li .;hti . 



•JO :to 

11 

Wrou^dit iron (heavy) 



lb -Jl 

(4-11 

Forjiiin^^s (hem \ ) 



•JO Jl 

(i 

Korj'iiif.fh (ll^dlt) 



:50- 51*1 

11 -.1 

Forein^^s, mild sl.ed . 



•j4-.{(; 

11 .1 

Twid. (Inlls .... 



oO 

1) 

Mil.l steel .... 



•Jl Jbi 

ll-.l 

Hardened steel 



40 -.so 

K M 

Very harl steel {t':i('injj;| . 



10 bo 

N-J' 

Natural hard hteel . 



:{o-10 

.) 

Steel castings, l;ir<.f ■ . 



lb -JO 

(1 

Steel castiiu^s, small 



•JO J 1 

(MI 

Forf^ed-steel .shatls . 



•J4 

11 

Crucible steel . 



10 

1; 

Tool steel, annealed . 



;{o-:ib 

1 

Tool steel (laeiu}') . 



00 

11 

'roots (wet ^uindiiia:) . 



Jl Ob 

nr 

« 

Tools (dry j'riiidiULi) . 



00-10 

i-.i 

Pinions 



OO-oO 

M 


4 
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((]) Hardness of the Af)rasn'e Material. 

Ev(iii ni()U‘ iinporUuit for the ca])ac;ity of the disc 

than th<i siz(‘ of tfie jj^rains js the hardness of the latter, which 
natiirallv (jorresjionds in all cases to the natural hardness 
ot the al)rasive. The. Ixist of all ^riiulinj^ discs would be 
compose i of diamonds, held toj^ethei- hy a suitable binding 
medium . hut this, unfortunatidy, is impracticable on ac- 
count of th(^ h(‘avy cost, and will jirohahlv continue to be 
so. Next to th(‘ diamond in hardness comes Acheson’s 
caihoi-undum , hut against this mateiial is the circumstance 
that it. crystallizes in flat cr\stals, which greatl) ri'duce the 
porosity ot the disc, and thus ])reclud(‘ its application to the 
grinding ot tint', soit materials, such as cop])er, cast brass, etc,, 
owing to the liahilit) to snu'ai. Mveii lor coarse naiterials, 
such as grey cast non, thes(‘ carhorundum discs art' unsuitable, 
unless the material is very lough and hurri'd oi’ tinned, so 
that it keeps the grinding surfais' of tlu* disc aKva\s lough. 

Of coiirsi*. carhorundum discs can he used if they arc* run 
at such a s]i(‘i‘d that no smearing can occur; and in such 
cast's a laigf'r anioiint ot work can he got through than with 
an\ otlu'i' grinding wheels, rnlortunati'ly, howt'Ver, the 
wear of thi' disc.s is proportionately incn'ased and the relative 
economy of this abrasive is again called in (piestion. Of 
course, this ohp'ction disa.))])ears when out})Ut is of more con- 
se(]iience than wear, that is to say, when time-saving is the 
predominant factor. 

Thus, for instaiua', carhorundum discs will grind chill-cast 
shafts much faster than other aliiasives, since, according to 
Leherti a chill-casi shaft of ht'st and hardest quality, measuring 
40 X 12 inches can he ground down by l.J to 2 inches in an 
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hour by means of a 20 x 6-inch disc, runnin*^^ at llioO revolu- 
tions, the shaft itsc^lf heiii^^ rotated at a speed of 12 revolutions, 
and advanced at the rate of 20 inches. 

The grains of tlie abrasive must not be brittle. The im- 
portance of this will become evident at onc(‘ if we consiiler 
thg various stajjjc's throuf.,!! which th(‘ ^rindin^ surlac(" of the 
disc has to })ass. The surface' ol the disc must pre'se'ut at all 
trmeti a number of projecting crystals which weai‘ down in 
pro})ortioii to their hardness, until the^ have b('en ri'duce'd to 
the same? level as a further number of (M vstals whicli have 
been hitherto einbedde'd within the' disc ; and it is ouK when 
these latt(‘r crystals b(‘^nn to (‘xe'rt an abrasive action that tlu* 
worn crystals should droj) out. If, howeves, the crystals are 
brittle, th('N will not \\('ar down, but will break oil before 
their full task has Ix'eii conipli'tisl, the ^lindiiii^ suihme then 
hecomin^ jiith'd and rapidly weamut awiiN'. 

This jilso (h'liionstratf's the inijioi'tance to Ix' attac.bisl to th<‘ 
baldness of th(‘ bindin^f nK'diuni as well , because, il this ht' 
loo britth' and too r(‘Sistanl as ni.i\ well happen in the casi' 
of cheniically-comhiiK'd ini'dia -the woin-out itiains CwMinot 
loose from the Imidinj^ iiK'diniii, and the disc heeins to 
smi'ar. Furtlu'rmore, since tlieri' is no jiossihilitx of ad pistin^^ 
the hardness of these discs w'ith clu'micall v-comhiiied media 
in the course of manufacture, tlu'y can never lulK replaci^ 
sandstoiK', and must Ix' restricted to a, coniparatis el\ na,i row 
sphere of applicability, na,niel\, to rou^di ell),dm^^ for which 
W'Ork, however, the\' are well adajited. 

The case is dilfm-ent wuth ceramic discs, in winch the 
hardness of the bindinj^ nu'dium can be ^n-adnated to a nicety. 
This property has enabled the ceramic discs— whichf in addi- 
tion to being admirably adajited for line grinding (and given 
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fi shiLi’p- 0 (l) 4 (.'(l i,\))riisiv(j iBfitcrisil find fi ])roj)(;rly s(;l('ctod lifiid- 
iK'ss of the l)indiii{^ m(‘dium), will ^M’ind steel just as w(‘ll as 
saiidstoiif* and without causing the woik to run hot — to drive 
sandstone entir(‘ly out of the held. 

Tlu' main object in view in all the operations ^^oing to 
]>roduee artilicial •grindstones is, therefore, to perlc'ct the 
^UMndin.i^ capacity in tlu^ two chu'f points already mentioned, 
naiiK'ly, th(' ha]‘dni‘ss of th<‘ ahi-asive and the bindiu}^^ medium. 
Some ot the' modiMMi pi'ocesses for this purpose will now be 
desci’ilx'd. 

Tlie hrm of Simons \ do., Soest (Westphah i), has taken 
out a di'i-man Patent (No S5, hod) for a jirocess of making 
stones with a. magnesiti' binding nu'dium. The hiature 
of th(' proci'ss IS that the )>ulp\ mixture of magiu'sium-chloi’ide 
solution, magiK'site and ('ineiN powder is placed in metal 
moulds, whie.h are mountc'd on a jig table, the vibration 
of which cause's tlu' sjieeatically heaviest ])Oitions of the 
mixturt', vi/. tht' gi’ains of emer\ , to si'tth* down gradually to 
the bottom of th(' mould as comjiactlv as possihk', each grain 
having time to assume the most suitable position with regard 
to Its neighbours. This jiroci'ss gives an enK'ry-stone con- 
sisting of hO jier cent of emery and only 10 jier cent of 
magnesite binding medium, the suiM'riluous jiortions of the 
latter being forced ujiward by the junijiing movement of the 
table, and tlu'ii easilv removed. Hitherto, such superfluous 
jiorlions of binding medium have merely contributed to the 
weathi'i’ing of the stones ; hut, in the new ]irocess, the smallest 
possible amount is left in, and merely Alls uj) the spaces 
between the compactly arranged and resistant particles of the 
abrasive.' 

Another process, that of F. H. Paul, Bredstedt (Schleswig) 
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— German Patent, No. lG8,44*i — incov] ionites lOto oO j>er cent 
of fine pumice ])OW(lei witli the ahrasivi* material, in order 
to imjiart to th(5 n'sultin^ nuiss such a texture tliat coarsi'- 
grained (‘u^erv will (‘xeit merely a utmth* alira.sivr action, 
whilst fine-grain(‘d emery is protected fiom sna'aiing. In 
tliis case an atti'injit is made to ohvia.te defects arising fiom 
the g!-iriding matei ial lieing loo compact or tin* levi'ise . for. 
whim tlie gram ot the abrasive is too tine and I he mass too 
compact, it soon tills up and becomes sineaiv, so that it no 
longer bites ])roperly , wliilst, if the grain be too coarsi* and 
the texture too loose, thi' grinding action is <‘xcessive and a^t 
tlie sairii* time tin* r.ite ol weai is accelei ale<l, 

A similai' })iu])OS(‘, na.in<*ly to obta,in a giindstone with a 
rougli, jiorous siirtac.e, underlies the process of l'\ Swel\, 
"Marburg ( \ust ria) -Gisinan I’atimt, No. H)‘.),7db - in uliich 
the mixture of aJii'asive aaid landing mateiial is ln'a.led lo an 
addition of ])ulverized cr\stalline mati'na.l, c.ipabb' ol extieiiH^ 
subdivision, so that it breaks or splits oft in small Iraginenls 
fiom thesuiface ol the stone when in usi*, ,ind thus b'aves 
the surfaci' alwa\s lough and jioious. The ma,teria,l added 
for this purjiose consists prelerabl v of mica, usuallv micaceous 
iron oie. 

(c) Tlio Manufdct nre of hUucrf/ 7>/srs, c/r. 

The pre])aration and treatment ot emery, u]) to tlie stage c)l 
making the mixtures for the manufacture of emei y discs, 
has already been described. From that point onward, the 
manufacturing process depends on tli(‘ binding medium se- 
lected ; and in this connexion a huge numlxM of fyndarneu- 
tallv dilTcrent methods have arisen, which are not of sufficient 
interest to discuss in detail, mor(‘ especiallv since the makers 
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coiKicrui'd iidluMH* to own methods, which th(*v do not 
wi^h to ni:i,k«' j)ul)li(;. 

'I’hi' m:i\ he moulded (‘ith(o hy hiind or in mouldin^^ 
m;iehines. ♦ 

Ac(!ordiii,u to inl'oj-malioii snjjjilied hy S. ( )|)|)eidiemi A 
('(». :uid Selilesiiii^er A ('o., einer\ :uid m.-iehiiieiA niiiniihic- 
linvrs, llainlinl/ (llanoviM), the Atlas (‘mer\ dises ])rodiice'd 
in llieir VNoi'ks .ire m.idi' with a hindiny^ mi'diinn of iul>h(M'. 

The |)]-()|H)ition'^ ol the mixture aie arrani^ed to fiiniish 
disiN with ii loii'ah and ehistie sli net lire. Tlie moulded di'^cs 
ai'ti then suh)eeU''l to pres'.uies up to .45(10 tons in a lioite 
huli'.iulie pi ‘s^ (I'lLt. 10). aiuldiied. Alter the diN'iti;^ pio- 
e.ess t!ie\ aie turned down in the lathe f Kn; 11), h\ the aul 
ol hort/ ( hlaek diamond ) eiitters A specimen of tlu'S(‘ dia- 
iuoikU, \\eii;hiim 750', carats and worth IJiiOOO, is shown in 
I5n Id. 

This" .\tl,is dN(‘s an* used loi dr\ and wet )^rindiin>. 
Anolher inaik. the Vulcan disc, suitahh' onl\ foi'dr\ .^rindin;^, 
IS made m the same w.i\ 

On the othi'i hand, the Hidios discs ol the same makers 
ha\ e a ceiMinic hmdmu nn*dium, and a.r(‘ lin'd in say^;>('rs in 
a])oltei\ kiln lor seveial wei'ks. ddu'se haked discs are ex- 
tremely haul and poious, and ma\ l)e used lor wi'l and dry 
^I'lndin;;. 

15^^ 14 show-^ the doorw.t\ into the kiln, with the discs piled 
up m c.oluiiins. 

Th(' discs (I’l^e 14) on issuin^^ fiom th(‘kiln, are placi'd in a 
wt‘ll-\ (‘iitilated, hut dry store, wh“re tliey are made ii'ady for 
seiidiuf^ t'ut. 

.\n extremely inU'restm^^ process is tlu* mamifactm-e of 
em('r\ cloth, which was formerly maile h\ hand, until, early 
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Fio. 11.— Turning' Discs m the Liithc. 
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wilh emery, •5ip[)ly a strong coatiii^^ of j^^lue to the one Mcle, 
and then convey the niattn-ial to an a])])aratiis which stiews a 
lay('r of emery powder of the di'wii'ed j^i-adc* over tfi(‘ fresldy 
^dued siy’face, uniformity of distril)iition Ix'in^^ <'n^ur(‘d hy 
s])(‘cial and highly ingenious devices. A ])oint to which 
sp(‘Cial cai'e is dn'ect(*d is that th(‘ ajMC(‘s of tin* shai p-(M]^(‘d 
emei'v grains shall ])oint ii])ward, so as to intensify the al>ras- 
ive’ action. Tn this wav a material that is jiarticnilarly suit- 
aJile for ruhhin;.,^ down wood is ohtaiiuHl 

The pajier or cloth is next, dried in exhaust -di it'rs, and 
W’heii ])(‘rtectly dry is cut, In a machine, into sheets, which 
ar(' ti('d together in hundtes oi tw<‘ntN -four to twent\ -live hy t(‘- 
male lahour. This machine is ecjuippi'd with a. pi intin.i^ attach- 
ment, which stamps (‘ach shcM't and puts l he tradi'-inark on it. 
'rhe hundles are hah'd in a packing press 15). and an* 

dispa.1ched in that (jondition. kV. Hi ^ives a vi<‘W insidt'an 
em(*ry-cloth factory. TIk^ manufacture' of ^l.iss-paper and saaid- 
])a])er is carri(‘d on in the same way, and can Ik‘ ailvanta^^e- 
ously comhined wuth tlu' ])roduction of emei \ cloth. 

(f) Vd.riclKts (iii’i Shiipe^i <>/ Emn/i /hsc.s-, H7/cc/s‘, and 
( 'iflniders. 

(Grinding discs, (»tc., may he classili<*d m the first place' 
according to the* abrasives of whicli they are' conijiose'd : Naxos 
emery, corundum, Canaelian corunelum, carhonite' (carhor- 
undum), diamantino, and electrite' discs. 

Another classification is hase'd on the' purjiose' lor whicii the 
discs, etc., are intended ; wet or dry grineiing, or heAh. 

With re=*gard to the shape of tfie discs, this varie;s to an 
extraordinary extent, with the idea of suiting ddiei-ent classes 
of work, so that a detailed de*scn}»tion is impossihhi, each 
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Fit}. 10. — Room in Emery-cloth Facto ry. 
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mak(‘A’ ])ro(l(K5in‘^ a vrrv iiiinibt'r of sliji]i(‘s, sonx'tinn*-; 

running into hundreds. 

Nc'vorllu'loss, mention will he made of .i Irw chai aciei Kt ic 
sha])es, *>uch for exaniph' as the pcriplKaal sections ot discs 
for sharpening saws, t\])ical shapes of whudi .lie shown in 
Pig. 17. Anotlier eha.ia.ctt‘i ist le sliM.pe ( I’lg IS) is thai ol lie* 
disos for sharjKMiing the sheing Knives used in sngnr l.u'lories. 
the thickiK'ss and Ixwi'l Kajiniing to eoriespoinl .ieein:ilel\ 
to tlu' shape of ilie knile 

i 

Ktc;. 17. — I’cnidu'i 1 1 Scfi uMi ’ Ik., is - I’m Ik. I'.t. I'.iikin I’niln 
oi Discs Idi Sliii I [Miiiii.' |)1k‘i :i 1 Sli:i )•' 

Saws ot Disc tdi 

Sh.n i»ciinc- 
Shcci.. 

Inteiesting shajies a, re ])rese,nted h\ the enier\ tollors 
intoiided for sliarpiaiing l.lie hlad«‘s ol mowing maelnni’s, the 
periphery having to eoiK’spond m shape to that ot tlu’ hlade 
Pmery c\ limh'rs ai e also m.ide in v.ii lous si/cs to lit the grind- 
ing inacliiiK's employed for prodneing Mat siirl.ices, a,nd also lor 
grinding the hioad cutters of machines loi sphtt.mg paper and 
halt her. 

A s|)(‘cial ty])(' of grinding wiiei’l is the segmental pattern, 
illustrated m Pig. the peculia,r leaDiri’ ol which is that the 
grinding surface is composed ol a nmiiher ol separate blocks 
with intermediate spaces. The advantage ot tins lorm is that 
it runs cooler in waiikiiig, mainly hiHjauso the ga))s allow in- 
creased access of water to the woik. Consequent! \ , tlieie is 
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less ri^k of the woi k or blu* grinder j^ettin^ hot — a matter of 
s))eeial im])ortance in j^nndmg hardened steel. St'gmental 
^o'indeis an' also k'ss lialdf to hecome sme.arv, iind retain their 
ahi’asive ] tower more fully. Ttuiy an*, however, only advis- 
able foi use in very ron^di work, and jiarticnlarly in cases 
where lar.i^e quantities of material havt* to lie ‘(round away 
quickl\. N(‘V('I1 hel(*ss, tlu'N may also lx* used foi- heavy work 
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on very lou^h material, such as armour jilates, or for {(rinding 
the cutters of lai gc, heavy ])late shears, and hollow-ground# 
wood-})laning cuttt*rs. 

{<l) Expcnnivnis on the Stobillftf and ('apaciljf of E'nie,ry 
WhreJs. 

Prof. Gi uhler, of Dresden, carried out a numbei’ of ex- 
periments to determine the tensih* strength of emery and 
carboiundum discs, the Committee of the .Vssociation of German 
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Eii^aiieers havin^r exf)n*sse(l a d('sire loi such trials— and 
provid(;d tlie funds foj- same — with a view to ascis taininj^^ the 
peri])heral velocity at winch ‘grindstones can saleU be run. 
Trials were iiuuh‘ with grindin^^ wdieels 20 indies m diami'ier, 
2 incho.ff wide., and 2 to Hi inches bore, lifty-four ennuN discs 
.and thri‘e carhorunduin discs havint; hetni jilaced at disposal 
by t(!n German and American tirms. 

.The tensile strendJ^ was generally ^U'eatest in the wheels 
made wdih ve^idalile hindinj.^ int'dia, the maxiiniun stri'ii^th 
(287 atmospheres) ht'in^ lurnisln'd by a whei'l supplh'd 1>\ the 
Naxos Union, Frankfurt-on-’Main. 'I’he f^reat diftercsices pre- 
vailmf:t ‘Diion^^ the various makes, howevi'r, may he fj;ather(‘d 
from the fact that the V(‘Retal)le-bomid prcxlucl of another 
makis' had a tensile value of only Idd’d atmospluMes. 

Amon^ th(5 em(‘ry*stones, mad(‘ W'ilh ceramic hindinjj; 
medium and fill'd at whiu* heat, a (hnanan make aitain Rave 
the hiRlu'st tensile value, namely 137'2 atmosj)heres, wdiilst 
the Aimn’ican jiroducts of similar character Rav(' a vahu*. of 
only 07‘4 atmos])her('S. 

In point of w'Oi kiUR ellich'iicy, RrindiiiR in modern emery 
grindiiiR machiiK's is far suiu'rior to the oldm* methods of 
working. According to a report by Ludwig Loewe I'i C’o., 
Beilin, the time r(‘,(|uired for rough turning a shaft 2j inches 
in diameter and 14 inches in length, on a lathe, and then 
grinding it in a Norton grinder, from an initial thickness of 
2.i inches, is only thirty-i'ight minutes in all, the* finished work 
being true to within ^ With the oldei- method 

of roughing and finishing in the lathe, forty-eight minutes would 
be necessary, ft must also be remembered, in order to make a 
proper comparison, that the lathe-finished worlj had after- 
wards to be filed down, an operation the duration and result 
of which depended to a large extent on the skill of the work- 
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man, and was capable of influencing the quality of the pro- 
duct considerably. 

Iti the course of timt;, moreover, the working capacity of 
grinding machims has b(‘en greatly improved. Thus Lebert 
states that whilst formerly the removal of half a cubicirich per 
minute was r(‘gard(‘d as good wor'k with a circular-grinding 
machine, the capacity of these; machines has now been doubled, 
and at present three-quarters of a cubic inch islooke'd ujion as an 
exceptionally small (piantity to grind olf in that time. The mo- 
tive power has also been rednci'd from 12 h.p. to about 7 or 8 
li.])., owing chi('fly to the siqierior quality of the abrasive ma- 
terials usc'd. 

(Ii) an the I'sr of (irl)idnui 

If a disc siiu'ars, this is gimerally due to excessive hardness ; 
hut if It neithei smears nor bites, tin* fault is in llu* contrary 
dirc'ction, the disc being too soft. 

Mxcessively lapid wear may Ik* diu* to various causi's, for 
instanct* 

(J I to the disc being msulliciently hard ; 

(2) to lh(‘ gram In'ingtoo tine, in conjunction with di'ticient 
hai'dness, tins being induiated by imperfect grinding ; 

(3) to tin* work being pressed too h(‘avily against the disc ; 
and finally, 

(T) to the disc being too hard, a condition leading to rapid 
Wear in conseqiu'uce of the continued roughing of the disc. 

Tlu* haidiu'ss of the disc must be selected in accordance 
wilh the si/e and weight of the tools to be ground. In order 
to grind hard articles as finely as soft ones, a coarser grinding 
disc must be used for the former than for the latter. 

The selection of a suitable grinding disc is, even now'a- 
days, rendered difllcult by the circumstance that the different 
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makers have not yet been able to a^ree on a nnil'orni system 
of marking to indicate the grain and hardness of their pi’o- 
ducts. Such an agreeme,nt is liighly desirable in the interests 
of th(i rnachiiKiry industrv and for the well-rneriu^d reputa- 
tion of tlie grinding-machine industry. 

. A word in conclusion, on the usi* of grinding discs : — 

It is true that the grinding discs of the pres(‘ni day will 
cut frtH'ly, so that it is supei-fluous to ])ress particularly on the 
tools whfui grinding. For interior grinding, which is h(‘st 
done by the dry method, the friady cutting tool torms the 
ideal. Nariow dis(;s should Ix' s(‘lected for this ])ur])ose. 

Hearing in mind the temperature, of the work to ho ground, 
wet grinding is jireti'rahh^ at the outset, in order to ke('j) the 
work cool, though the risk of rusting should not la* forgotten. 
Tin' addition of linu^ or soda to th(‘ wai('i,as a ])reventive. 
of rust, howevei,maN easily impair the gi Hiding jiower ol tlie 
disc, especially as it is tlie practicf' to us«' the gnsisy water 
over and over again. 

2. The Fcktiteu Treatment oe (1 rinding Discs. 

{<(.) Moifulina tlir Discs. 

Bt'aring m mind tin* exlnane importanci* ot mounting the 
grinding disc.s securely on tin* shall, m vu‘\\ ot sah'tv in 
working, it is necessary to Ix'stow th(‘ greatest care on this 
operation, because if keyed lirniK on lh<‘ sliatl or drivaui on 
to a conical spindle, th(‘ brittle discs would crack at onc(‘. 
Hence, as they cannot he forced, it heconics a mattcu' of prin- 
ciple to make the bore in the disc somewhat iargei' than the 
diameter of the s]imdl(*, and also a little \vid(‘r than the open- 
ing in the flanged connexion ])ieces. This has also become 
a fixed practice, the first makers to examine the question 
thoroughly being the Naxos Union Co., Frankturt-on-Main, 
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After lon<4 and exliaustive experiiiieiits they found that, in 
order to fix tlui discs firnily, they must he held, not by the 
whole inner surface of tlu* flanges hut only for a certain dis- 
tance from the ()ut(‘r edge of same. The hold ol)tained by 
this iTUithod of mounting is quite siifhcient to stand thVi highest 
strain required, and also obviates the vai’ious inconvenienctis 
arising in the case of smooth flanges. 

Thi; recognition of this fact resulted in the iiivsition of the 
Naxos Union safety tlangi' (I’^ig. 'Jl), which is still us(‘d by 
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the makers in (|Ut‘Stion. Where possible, the grinding wheels 
are thickened at the centri', but not to such an extent as to 
fill u}) the recess m the flange and allow the suifaces to come 
into contact. If such a disc bursts, through careless or un- 
skilful handling, tin* fragnuMits will be retained in the mount 
in consec^uence of the thickened centre. Moreover, in order 
to utilize the disc fully as it wears away, all that is necessary 
is to replace the large flanges by smaller ones. 

In some cases the flanges are also made of taper cross 
section (accoiding to the Bernard .system), though the conicity 
of the disc itself need not extend as far as the periphery, b^t 




Figs. 23, 24, and 2d illiislnite irgulation mounts foi mindnig 
rings and cylinders, as made by the Scboidierr eniei \ \Noiks, 
Chemnitz. Here also the discs are inejeU clamped between 
a fast llange and a loose one, witli tlie interjiosition (^1 suitable 
rubber washers. 

A ring mount is shown in Fig. 23, wlulst I igs. 21 and 2d 
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represent the method of mounting' gi-inding cylinders. It 
should he noted that the iron guard ring in Pig. 25 is adapted 
to slide in grooves, so that it can be adjusted as]_the grinding 
cylinder wears down. 

Other markets have (‘lected to mount tlu'iv grinding cylinders 
hy means of a screwed-on flaiig<% })roviding a guard ring in 
addition. 

The Naxos LInion also mount such emery cylinders- and 
rings as are intended to be used on one lateral sui’face only, 
u])on an iron plate (Fig. 26), to winch a flange is securely 
iasteiK'd by scd'ws (six in the case of wbec'ls 16 inches or 
less in diameter). 



Fio. 2G. — Iron-plate Mount. 


(/>) Guards. 

It is evid(!nt tliat with the Itigb S])(‘ed at which these 
grinding wheels are run, any cracks arising from tlu‘ material, 
binding medium, or lii ing })rocess, are lial)le to cause extremely 
grave accidents, owing to the iin}>ossibility of putting on the 
brake at the moment such a wlu'el fi-actiu'es or bursts ; quite 
apart from the circumstance that the brake would be too late 
in operating, since the manifestation of centrifugal force in 
such cases is instantaneous. Though, so far as their action 
extends over the disc, the safety llangos exercise a certain 
protective’ effect, this protection has been found insufficient in 
practical working on the large scale. Consequently, i better 
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guards, instantauf^oiis in action, bad to be devised, to protect 
both the grinder and ins surroundings elTiciently in the event 
of a disc l)reaking. 

The, idea^was ver}' soon evolved ol encasing the grinding 
wheel and ])rovidiiig a ]>rotective hood, without unduly re- 
stricting the working sin face ol ilu^ <lisc. The Naxos Union 
wi;ie the piojieiM's in this direction, h\ inventing a guard that 
was capahh* ol }u■('^ent}ng tl»e dis]ieision of a disc that broke 
while running, and ol stoj)[)ing the disc as (piickly as possible. 
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The attainnic'iit of this purpose was sought liy a form of 
construction, which is shown as a latin-al elevation in l:'ig, 27, 
•and as a rear view^ in Fig« 2*^, the latter giving an idea of the 
appearance of a disc equip])ed with the stop motion. 

This device is constructed in conformity with the circum- 
stance that the fragments of a disc that hursts while running 
are not detached immediate!^’, but esca])e from the mount by 
degrees, until, when sufficiently released, they are projected 
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with f^reai violence ))>' the. powerful centrifugal force due to 
tlui high peiipheral veloeilw (The devdee was patented, hut 
the patent rights were al)andoned ])y the inventors, in the 
public interest.) , 

A guaid liaiid c (Idg. 27), made in scwei’a! parts, is mounted 
round the grinding disc /’, being securinl to a yoke f/ and 
forming a loop in front. This liand is tightened In a clamp- /t, 



Fio. ‘28. — Naxos Union GniHlmi-' Machine with Troteoting Guard. 

(Rear V lew.) 

and is supjiortcd at a sulheient distance from the disc liy arms 
i attachiid to the frame a. Brake cheeks k are arranged at 
different places on the hand c. In the event of any broken 
fi-agments of thi' disc escaping from the mount, they are 
gripped by the brake cheeks k at a short distance from the 
periphery of the disc and, in consequence of the peculiar 
rotary arrangement of the supporting arms, are pressed with 
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increasing force aifainsi the disc nniil tlio latter is completely 
stopped. 

Even should the detaclunl tr.i^unent h^ merely small, it 

would and must come in contact with tlu' brake chi'eks, and 

* 

thereby tif^diten up the ^uaid baud ‘^ladually. 

8inc(‘ this ellect is piodue*Ml very quickly w'ith the bi^di 
speed of runninj 4 , there is a possiluhty of the hand Ixmii^^ torn 



Fia. ‘Jtl, — Front. View I’reMous to Tiurstin^'. 
loose in the case of lai’^e discs ; so, to ])ieve,nt this contin^n*ncy, 
the band is tightened by an adjustable clamp li, and then, 
after a loop has luani formed, is I'lj^idly s(Hiun*d to (lie yjk(* fj. 
Consequently, the hrakinj,^ action is prevented liVni b(‘in^f 
too brusque*, the hand having to Ik* drawn ^laduaby throuj^h 
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the chinij) //, wiiich cittbrt }i])SOi-])s a large pvo])ortion of the 
vis cira of the* disc. 

yurt lu‘rrnoi(‘, in ordt'r to iH'utralize as soon as possible the 
advei’sc ('llect of tli(' pull of tin* driving belt on tin* braking 
action, tlu' bund r is fitted with a cam which, on the band 

being moved ('ver so 
slightl> out of i'ts 
oiiginal ])osition on 
llu' bursting of the 
disc, IS moved in 
tluMliri'ctionol I'Ota- 
tion of tlu' disc, b) 
the braking action 
of llu' cliei'ks In 
this \\a\ , the pin n 
is d('priv('d of its 
support, and th(‘ 
arm i , loaded b\ thi' 
weight e, tails on to 
the long lever arm 
q, whf'reb} the 
clutch oi‘ friction 
cou])ling p is re- 
leased, so that the 
belt pulh'y c runs 
loose on the shaft h. 

The manner in which this guard behaved under the official 
tests can be gatbeied from the table on p. 73 and the il- 
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I’lii. 150, — Iteiiv View Pre\n»us to bursting 


lustrations in Figs. 29 to 32. 

Another guard devici* for grinding discs is the elastic, ad- 
justable, aiul rotaiA' IioolI, made of corrugated steel-wire gauze 
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by Foiitiline i<:. ('o., BooktMiheini (Friinkfurt). By ii^htenin^ 
or ii screw, this hooil can he adjusted in any posi- 

tion l ound liio disc, so tliat «^i inditi^^ can he })ertormed on any 
side* tVont, lear, aliove, or below, the operator liein^ protected 
in I'very case. 

UnsuT/rs ok ih’itsTiNd Tksts 

pertornied witli emery discs inebes in diameter, inches 
thie.k and with '2-\\\cU bore. 'V\m' discs, of vatyme dea,-eos of 
Jineiiess (see opjiosile pa^^‘). were mounted m a grinding 
machine (Naxos rmoii, jiaUeiii AS), and run at a sfieed of 
K = about IddO revolutions ])er minute, tlie perijilieral velocity 
being i‘ — about Idii feiU, ])er second. 

A tiiitb(‘r advance m 'Hinnexion wilb tlu'se adjustable 
guarils is made l)\ the new patimts ol tlu* Naxos I'liion and 
ot llie Veri'inigte SchmirL;(‘l I'i. Maschinenla.briken A. G., 
Ilainbol/ (llanovei). 

Tint ol the xNaxos L'nioii is a eham secnr<*<l to lotatable, 
slotli'd arms and ludd In spi'cial clam])S capable ot tigbUming 
the chain at an\ link. In the oilier (!(>'s. de.vice, high-re- 
sisliiig power, (;oinbiiii'd with great elasticity, is secured by 
making the bood of sev(‘ral layTs ot sujierimjiost'd strijis of 
sheet metal, A, k’ ol an inch thick. The additional advantage 
of easy adjustment is sc'cured hy the action ol the strips and 
by th(* constant ilexibility of th(‘se strips wlum superimposed. 

(c) Dust Exhaustit) s. 

It is well known that considerabh* amounts of dust, both 
coarse and extremely fine, are produced in grinding shops, 
which dust is vtn y dangerous to the hnillh of the work-people 
if inhaled. Cons(‘(|ui‘ntl\ , attemjits hav(‘ long been made to 
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find iriL'iUis for cairuii*^ off siidi dusi iii :i and regular 
HuiTiner, in all oce.ii])ations where this inconvenience arises. 
The inattin- is oiu> of paitunilar iiiteri'st to the grinding 
industry, on account of (he higli-woi king cajiacit y ^ind sjxrd 
of inodi'in grinding machines, and h.is loinied the ohjVct of 
cai'eful iiivi‘Siigation within the last tc'ii sears The use of 
('xhaustors naturalls suggested itself, hut thi‘ existing t\})es‘ 
\V(‘re found uiisuitahle foi thi'< sjiecial pui pose, and a vari('t\ of 
patterns have heim I'volved. 

The Koi'rting nijectoi is also sintahle. pios idl'd the works 
are ('(juipped with liuliMulic niaiiis (with a pressuri'ol at least 
three aJanosphei'es) Vnolhei highls practi(;al device foi 
draaving oft a.nd puiitMiig diisi-laden an linni giinding 
inachiiK's has hei'ii intiodiiced li\ the Naxos I nion ((h'tman 
I’ati'iit, No. 1 !:!(>, 47')). no disch.irge pijie heing leijuirc'd. hig. 
d:3 shows a gi Hiding inachme filled with this altachnient and 
adjustahle, wrought-iron hoods with side' w’alls of sheet metal. 
The dust hefori' lea\iug tlu* exhatistoi, is intiniatel\ mixed wdth 
a fine s[)ia\ of w'a,terh\ means of a small centrifugal ptini)), and 
is then delivered h\ a current of an into a chamher, specially 
provided in the base of th(‘ m.ichin(), wIu'K' it is deposit'd, the 
jiii', — which is now pert(*ctl\ tree from dust — heing returned 
into the room. This device, which admirably fulfils its pur- 
pose, has th(‘ additional advantage of heing continuous in 
action and reijuiring no special attention. 

(d) IioiKjhiiKj and Tnn'UKf tlu (jrlndimj Discos. 

In course of time and in cons(*quence of the uneven pressure 
in grinding h> hand, even the best and hardest grinding discs 
get out of true, and the pores become clogged. The resulting 
unevenness and smoothness of the disc must he remedied by 
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truoing and roughing, that is to say In lathe turning and rt;- 
boring. 

As a rule, hortz is used I'oi- this purposr*, a ei vstal being caix*- 



— -Naxds I'liioii Dust EvluinvUu. ^I'ronl View). 

fully mount(*d in a steel holder and ein})lo>(‘d to turn down the 
disc in a lathe, eitlier h} the aid ol a hand rest or slidi' i*est. 
In this way the unevenness and smoothness of the disc can he 
removed in aiVnv minutes. 



CHAPTHII III. 


G!UNI)1N(J M VCTTINKS. 

1. In11{OT)IHTOKY. 

ALTiTorcFi Lli(‘ ni!i(thin(‘r\ iiiiiiuiliid-iircr l{jn^ tP'sired to h!iv(‘ 
!i ^nnndin^^ niiu^hiiu* (•,ii))ii,l)l(‘ ol' r(‘])la('iii^ the file aiitl theoi'din- 
ai'\ ‘^nindstoiK*, and tiiinin}^ out mom woi'k tliaii those, the 
mipoi tciiice of lh('se new machines was slow to b(‘ vec.o^mizi'd, 
and consid(‘ral)le se(‘[)tie.ism was exlnhih'd hv machinery 
makers with re^niid to the offers and statemi'uts mad(! bv the 
maki'is of ^n'indm^^ ma(dnn(*s. It was onl\ as a result of ex- 
hibitions that tin* two partic'S ev(‘ntua.lly ai'nvi'd at a mutual 
imderstandiiif.^, and the manidacturm^ (‘ii^iniH'r learned to 
ajiprc'ciate the n(*w' branch of machine-tool construction. The 
lirst Diisseldort Jlxhihition afforded this o])]K)rtunity, and also 
\i(dded jiractical fruit in so fai that, since then, the indispon- 
sihility of tin* ^rindin^ machiin* has been admitted for the 
woj’kshop, ii'ttlinii: shop, and tool ‘jjrmder\. And in the thirty 
years which have ela])sed since that Exhibition, the p'indin}]^ 
rnacliine has made its w'ay into all branches ot the machinery 
industry, so as to he now' reco;.^nized as an essential })art of the 
equipment of (wen the smallest sho))s. 

The increasing requirennmts of that industry, under the 
"rowdn^ pressnn* of world comjietition, and esjiecially through 
the necessity of making greater use of, hardened machine parts 

(7h) 
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that cannot 1)0 worked in the lathe or tin* ])lanin^^ machine, hut 
require to !)(? ^nound hy tlu' aid of ciiierv oi- corundum di'^ci=i, 
soon 1 (hI to increased a})})reciation of the j^iindii]^ machiiu'. 

T}i(‘ new tasks iiicluded the ^^lindin^ ol slide rods, tlie coji- 
struction of machim‘s foj' flat and circular f^rindin^, to work 
chill-cast and ])orc(dain rollei-s ])erfectly ti'ue for the ])ur]>oses 
of th(i iron, ])at)ermakin^, milling, and cla\ mdustri(‘s ; th(* con- 
stVuctioii of machin(‘s for shaiqKmin^^ saws and cutt(M- blades, as 
,also ma:*h!n(‘S for sj)i‘cial j)ur])osos, such as linishin;^ 1 he inner 
surfaces of hushes, valve-links, cast-iron ol vessi^ls. ('ic. In 
a w'Oid, tlu' nit^tal and machni(*r> industi ies seemed all at once 
to concen(iat(‘ the w'hole of tlusr w islu's and r<‘(juii (‘ments on 
the ^M*nidni,i»-m:ic[nn{' mdustr\, w’lth (he result that the m;ik(‘rs 
w'’t‘r(* so o\erhui'd(‘n(Hl with ordiM's that a reirular nivenlional 
hooni set in. Then, after these velars of storm and stress, came 
the jieriod of (|uiesc(‘tic<‘ and r(‘llecl ion, alfoi diii^ ani]»!e ojipor- 
timit\ foi wei^hin,^ iq) the lesults achiev<‘il, and yivjn,L» tlu' re- 
presentatives ot the industjy m all hinds occasion foi testing 
the d(Wic('s most likt'lv to lx* of ])ra,cti(;a.l utility, and to derivi' 
fresh incentives fi‘om the l•(*(pm•(Mnents oJ practice. 

Ill this wa\ the ^^nndinj^^-machiiu' indnslry has ^n'own 
and develop(‘d to such an extent that, now^ada\s, jilainn^^ 
a,nd drillni;^ machiiu'S, and ewam lathes ar<^ rnosil) list'd foi’ 
roiij^^hing-out work, the iinishin^^ hein^ t'lfected hy nu'thods 
of ^^niidin^^ that ensure a hij^li de^uH'e of accuracN . 

Within the limits of a technical sketch it is naturally im- 
])0ssihle to ^nve a complete picture of an industjy that has 
dovt'lojied ill so many ways and directions, and has to 
some extent become more or less inteiavoven with all othei 
industries and the machines used therein. 

It will pi’obably, theujfore, ho sullicient to deal with a few 
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of tlui main l)ranclies of this industry, as is done in the follow- 
ing,^ section. 

2 . PniNCiPAL Types of Grinding Machines. 

(a) T()o}-(irin(lin(j Machines. 

The ^O'lndin*^ machiue for grinding tools is tlie original form, 
wliich was only later succeeded hy the manifold a])plications 
of the ^omdini^f machine as an up-to-date working machine. 
The ])rimo essential for doin*^ ^^ood work is a sliarp tool; and 
this condition must he maintained hy frequent grinding in 
order to retain the working capacity of tlie tool itself. For- 
meily, this operation was pertormed on an ordinary grind- 
stone, but is now c.iriied out hy moans of tool-grinding 
machines, the simplest forms ol which are used on cutting 
tools, such as drills, (diisels, planing tools, lathe tools, etc., 
and are ])articularly \aluahle in all shops where tlu‘ turners 
or planers have to sharpen and st't their own tools. 

T’hese mac.hines are Yvv) strongly built, the shaft being 
of best stoid and ground tiue to lit tlm beaiings, W'hich are 
of rod brass, fitted with ring lubricailors and bolted on to the 
top of the frame. It being \ery nnpoitanl that the hardnt'ss 
ol the ground tools should not be imptiired, di'y grinding is 
out of the question, and all these machines are, therefore, 
tittod wuth w'atei-feed. In the newest jiatterns tlie top of the 
frame is dished to form a w'ater-trough, the waiter being fed 
automatically hy a centrifugal ]iunip from the water-tank 
inside the hollow^ frame. The dirty water drains hack into the 
tank, and after depositing the contained solid matter is used over 
again. For small shops machines of this type arc also sup- 
plied ivitli a sujiport or wdth a wall-bracket, the water being 
supplied by moans of a dropper mounted above the machine. 
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for lar^^o works in wliicli liwivy ))lanin^^ and 
tonl'i and cliisnls ar(‘ nsud. I’Wn maolnno, whinli i's made by 
tlie Schinir^fclwerk i)r. l^udolf SclionheiT, bkirtli, nr. Chein- 
nit/ (Sa\on\), may )>e liUcd with an (Mner\ (iisc 40^ indies in 
diaiiieLer and (1 mehes widii, and wei^dis neai’ly a ton without 
the disc. 


{/>) Knii'<‘-(inii(liv<i Marhntrs. 

Tlu'se machini's a(‘-(jiiireil consi(h-rahle im])ortance oven 
Uio time of llieii lii^t introduction, owiiej, to tlu' jiossihilitN 
llu'v aitoid of urmdin,^ blades witli accuracs and dis|)at(;h, 
and j 1 was a souice of jileasnie. to be al)le to replace the old 
oidniai \ ui iiuUtoiu' by the (juidu'r j^rindin^ disc, the jiropei 
sbarpcmin.n ot inac.hme knives bt'inj; a. maitei of ^reat inteied 
m niniKjious industries l’\>r (‘xanijile, cutters lor wood 
|)lanes, jiaper cutting, leather-^jilittin^ kni\es, diawin^ knives, 
tobacco knives, plate shears, cork e, utters, su^Mr (‘;ho})pers 
nibbei cutters, eU^ etc., all of winch have to be quickly lo- 
shai [lene.d when dull, a.<‘.cuiac\ ol orindim; liein^ also essen- 
tial. Some of thi'iii have to be ^n-ound ihit, others hollow 
oroLind. this latter method bein}.r particnlaily needed for 
blades that huae to cut cleanly and sharp (cork cutters, to- 
bacco knives, and ciittm’s for wood jilaiies), whereas flat ^rind- 
m^ is practised intire in connexion with cutters that work 
with a shearini,f action and are subjected to heavy strain in use 
(paper cutters, plate shears, etc.). 

Accordiii^f to the class of work to b(‘ done, the machine 
selected will he one in which a ^mnding cylinder or a disc is 
used. Ill the largest of tlu'se kmfe-grinding machines, used 
for grinding" blades up to 13 feet in length and either flat or 
slightly hollowed, the blades unde" treatment are clamjied 
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firmly in the ijjaehiiiL*, ilu' ^n-nulin^ exlinder hcinj^ moved 
toward the work. do and dli show two special forms 
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of those iiDichme^, the first rc^jn’esentiiiu; a. inachiia) foi m ind- 
iu^ sheer blades, and lh(5 second one lor sliap(‘d hla-des, 



I'lii. :U».— Machine tor (iriiulin^.' Shaju d Fhido. 


{(■) San'-shai jx'nnuf d/er/o^c.s. 

Very <Ti’eat difficulty wnis foimierly (incountered in shar- 
pening circula)’ saw's for wood and rneial work, and also 
band-saws, but this has been cornplotcdy obviated since the ii*- 
vention of automatic saw-sharpening machines, w’ith straight 
0 
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cut, and of automatic, sharpening machines foi circular saws 
for cutting metal. S,>ecial atUmtion has been devoted to thm 
class of machine by l^ontaino & Co., Bockenheim. Prankfurt- 
on-Main ; and one of their newest patterns is shown m F.g. 
37 a, b, and c. This machine automatically sharpens hot or 



Fin. 37A.-Saw-«harpenin« Machiiir for KtraiKht Cut, with Circular Saw. 

cold saws up to 5 foet in diameter and U inch pitch. The 
clamping device with the circular saw to bo sharpened can 
be easily and reliably raised by moans of a threaded spindle. 
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One of the ehiel aclvantajjjes of this type of saw-sliarponin^ 
machine, however, consists in the fact that the eint'ry disc is 
able to grind continuously, being iinintorniptedly raised and 



lowered to just the exact degree that corresponds to the height 
of the tooth to he ground. This does away witTi any ^ead 
traverse and ensures the*maximura working capacity, since 


•Aut ) nit'C SiA'--hirpt: nri,' Miehin? for Straight Cut, with Setting Device. 
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the dise remains iji contact with the tootli during the whole 
interval of time that is re(jnirod for the rise and fall of the disc. 

Another hi^hl\ practical arraii^canent is tliat the feed of the 
sa\\, for toetli of any pitch and also tlie reeijn’oeal motion of 



Fid, — Elt'ctricall} ()])CTaU‘<l Automatic Saw-fiharponing Miichiiie for 
Striut,'ht Cut. 

the fi^'indiii" arm, can be adjusted by means of a single screw ; 
whilst at the same time tlie movement of the grinding arm 
and disc can bo adjusted independently. This device, of 
coutvse, enables the machine to be adjusted very quickly for 
saws with teeth of different pitch ; ^,nd again — also by means 
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of a single scivw — the inac-hiiie ean lx* st‘t for Ixuid- 

saws witli ^Yide teeth. 

{(I) ^lttrlun(‘s tot (irintiiini Flot Smj'nci’'^. 

These machines are einployc^d for ;^Tin<iin^ plane sinfacu'.s 
perfectly true, the woi-k lal)lo heni^ usually iiuned to and fro 



Fio. UH. — Grindint^ Head, with Central Water Kced, and Vertical Grinding 
Surface*^. 

automatically iti a straight line over a firm lied. Some of 
these precision machines will ^rind surfaces measurin^^ up to 
10^ X 4j feet, the free space under tin; f^rindin^^ head hein^^ 
6 feet wide and about 40 inches hi{fh. 

A new pattern of this cjassof machine is shown in Fi^. OH, 



EMEUY ANE THE EMERA' INDrSTRY 


S() 

and is fitted witii a head wliich has vertical grinding surfaces 
and cc'iitral water feed. This head is mounted on a strong 
sj)iiid]e of hardened, ground tool stead, and the powerfully 
drive'll grinding fiylinder attacUs the work hy its vertical 
surfaet', a strong flow of water lieing j)!ovid(‘d. 

Owing to the ra])id jiressure to which these grinding heads 
ar(‘ ('X})OS('d in turning out work (|uiekly and accurati'ly, thein 
(sonsti'uetion is not oidy necessai ily solid, but first-class material 
iind cari'fid workinanshi|) are also reijuisite for the hi'arings, 
wliich are niad(' of jiliosjihor-lironze and are adjustahle. The 
weight of the s])indl(‘ and head is taken up h\ hall heai’ings 
whilst th(' w'oi'king jiressiue is absorbed b\ glass-hard, ground 
east-steel pit'ssure I'ings 

These gi'inding heads can l>e mounted on existing machines 
The grinding eylinders oi the, two jiattevns now made, measure 
Si X dj iiudies and Idl x 5 inches respectivi'ly, the s])('od 
being and IdOO revolulionh per minute and the driving 
])owoi‘ 4 and S li.p. lespectivoly. 

Machine', have also been made that an; inti'iided to he 
slung, foi the purpose of grinding off the fins on cast pipes, 
grinding and polislimg health and press plates, anvils, safe 
plates, steel plaU;, etc. : as also grinding motors (Fig. 39) for 
\vorking small surlaces of all kinds, removing inequalities and 
casting gates on ni'ichiiie jiarts. These latter machines are 
jirovided willi llexihle shafts, and as the motor can be con- 
nected up to any part of an electric lighting circuit, the 
machine can be used in any situation. 

(c) Special Tapes of (inndtna Machine. 

The nunrber of grinding machines for special purposes is 
naturally large iu the extreme. Fqr example, we now have 
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automatic machines for ^n-inclin^ out motor cylinders, thus 
saving the y(ii'v ti’oul)lesomi‘ lahom- liitluM to neccissai’v in 
finishing these off hy hand. Th(S(‘ machines enahle such 
cylinders to he turnc'd out })(‘rfectl\ true : and at ilm siime 
time the jjiistons can lu' made ol accunite dimensions Irom the 
start because th(‘ j)KKMse measurements of (lu; c\lindevs are 
^nown, the grinding machim- turning tliem out tiiu' to within 
V. ,i„-^,th of an inch. 



Fio. IJO. — Naxos Umoti Grinding and I'nlishing Motor ^^ith 
l’’lfs.i))lo Shaft. 


There are also special machines for wagon wheels, tind chill- 
cast wheels ; roller grinding machines for chilled rollers, steel 
shafts, hardened jourtials, and also ioi grinding convex and 
plane surfaces on ])ulley rims. 

Other grinding machmes enalde dulled rollers oi the largest 
dimensions to l)o ground perieedfy cslmdrical, and with a 
handsome smooth surface, very quickly, wliilst mounted in the 
mill housing. The grinding machine can be holUid on to the 
mill frame in a very simple manner, so that there is no need 
to take the rolls out or to use the expensive roll lathe. A 
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rolling niill equipped with one of th(‘se grinding machines 
^Fig. 40), is, therefore, able to dispense with spare rolls, the 
time occupied in grinding being so short as to reduce the 
inconvenience of stojiping th(i mill t » a iiiininmm. 



Other s])ecial machines are made for grinding out rings and 
busli(*s ; for trueing the beai mg sui faces of plates, rings, and 
discs; for automatically jiolishirig parts for circular stoves; 


40. — Naxos Union Machine for C' inding Chill Rolls. 
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automatically finishing the le(‘th of ca^t pinions of an\ ])itch 
and np to JO inches m diameter; for automatically cuttinj^ 
wire nail cutters with curved or straight blades ; foi’ cutting 
through crard\S and wire fih*s, etc. 

Finally* mention should he made ol the uni(jU(‘ automatic 
iXiachine, “Cm,” of the Ma\os Vnion, for gnnding 1 wist drills 
,as illustrated in Fig. 'll. This maciniu* will grind Iwist and 



11. — Tlu'“Ciii” \tit()iiiiitM‘ Miichmc lot (Iniidinj 'J’wist Dulls. 


poinU'd drills up to 4 inclas in diameter automatically a,nd 
wuth th(! greatest accurac). WaUa is fed to thf‘ work, and 
the drill is continuously rotated on its longitudinal axis, so 
that a perfectly centric cut is obtained, and no lurther finish- 
ing is requiie-d. The drill jioints are also ground without 
unchucking the drills, the operation being ])(‘rfornu;d uniformly 
SO as to leave tlu* jioint periectly central. In this wa,y it is 
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iin})Ossibl<! for tho drill io boro hobis larger than its own dia- 
meter. 

Tlie drills ground in Ibis rnaehine have the. ])roper eircular 
undcncut, and are of high working capacity. The machine 
requires little attention, so that even an nnskille i o])erator can 
look after sevi-ral at onci'.. 

3. ClJlCl'TAll (lUTNDlNO. 

The introduction of the circ.nlar grinding machini' marked 
an imjiortant advance in the dev<‘lopm(Mit of the grinding- 
machine industry. It ma\ bo ass<‘ried that no otlier modern 
iiK'thod of working has made such rajiid and gi'iu'ral lu‘a.dway 
in machine construction as this liranch of griiidiug. The 
introduction of the univiu’sal circular grinding inaidiine ousted 
the old latlu' for all tinu' from its previous position as a finish- 
ing niacfiiiH', and relegated it to tlui categorv of loughing 
machines, sinot' its work can now lie dom‘ more accurately, 
quickly, and in general more clu'aply, by the grinding machine. 

The grinding machine enables the work to be finished to 
tlie exact size and according to pattern ; and in the vertical 
models is specially adapted for accurately grinding out cylin- 
drical or conical bushes, small motor cylinders, carriage-axle 
boxes, and capable of being successfully used wherever it is 
undesirable to suspend the work horizontally, whether on 
account of an unfavourable disposition of the load or of the 
inconvenience of an eccentric centre of gravity. 

The circular grinding machine illustrated in Fig. 42 is cap- 
able of doing a great varioliv of work ; grinding cylindrical and 
conical parts, such as spindles, l)olts, sliafts, etc. and also of 
grinding out hushes, bores, aud rings. An adjustable steady is 
provided for slender work. 
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The automaLic longitudinal travel of tlie tilile can be ad- 
justed, })y stops, ill accordance with tiie of tb(‘ work 

in hand, th(5 reversin;^ iiein^ automatic. Tin* vi'iticai ad- 



Fig. 42.— Naxos Union Automatic Circular Grinding Macliine. 
justment of the ^rindiii" spindle head can lieeflected either liy 
hand or automatic mechanism. The rate ol the automatic jeed 
can be varied within wide limits and with the utmost nicet} . 
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The table in dividefl for conical grinding:;, the upper portion 
being adapted to rotate through a graduated scale. A centri- 
fugal pump is provided for wet grinding. The table is dished 
to colled tfie water, and the guides for the spindle headstock 

t 

and hack poppet are outside, to protect them from getting 
wet. 

The hgiire shows the machim* arranged for grinding-out 
hushes. For this work, as for inside grin<ling in general, 'the 
simple shaft m the grind mg-spiiidle headstock is replac(.*d 
by sp(ieilijigruj) mechani'^m, m ordei to give the re(|njsit(5 iii- 
cri‘ase<l spcicd to tin; gimdmg sjiindle This machiuo will 
grind woik II)) to 1 I inches lo ig and (> inchi's in diameter. 

As with otliei aut(»m:U.ic gnnding machines, so a.lso with 
circular grinders, a number ol chcumstances have to he con- 
sideK'd that ineiease thi' dillicultv of selection. Tliese relate 
not onl\ to the snl)sianc<*, shajH', and othei j))-opei'ties of the 
gnnding di^cs, hut also a. mimh(*r of other ta-ctors, snch as 
feed, deiitli ot cut, jie.i ijiheral \clocity of disc, and work, etc. 
The (.‘\perimcnts of [*iof. (1. Schlosing a* (rtniorded in the 
" Zeiischntt des ^'(‘rclnes deulscher Ingenieure, ’ lh()7, p. 1227) 
showeil how gnaitiy the working ca|iacitv ol a grinding disc 
can he inlliienced by these factors. 

Lt'hert tid. IdOS, No. dd) agreed with Schle.singer in ad- 
vocating an increa.s(‘d pciiphcral velocity of tlu' grinding disc, 
the difference m the working cajricity at higli and low speeds 
being remarkable. It is true tiiat, at jiresent, the speed cannot 
he increased as much as could he desired ; but in praciice the 
maximum available sjieed should he utilized to the full, no 
discs fieing used that will not siand being run at a velocity of 
82 ft. per sigcond. Lebert’s experiments demonstrated that 
on increasing the vehicity l)y 30 ^ner cent the output was 





l):i 

raised two and three-quarter tiimis, m lliu'e-quarter:. the time 
previously recjuired. 

4 . Univkksal TooTi-(i 10X1)1 N(. iM.\f minks. 

The so-ealled universal tool-nniidinii inai'lniu'^ also eiijov 
a great roputatioii in pra.eli(‘e , lor while it is a lun<lainentiil 
y^l-ineiple that grinding nuiehines should Ik* eonstructed sok^h^ 
for s^iecial purposes, the eMuH'dine vaiiet\ of existing tools 
has necessitated the introdindion ol a muchiiu' wfiich, whilst 
the t'lnidainenial prine.ipk* is reiauK'd, can l)(‘ lilted loi us(‘ lor 
a uiiinher of s])ecia1 tasks, h\ the application of ('asll^ leniov- 
ahle attachments. 

In this way univi'isal tool-gnnding iuachini‘S havi' been 
^constructed, which can he sup)>lied lor aciairateh sharpening 
tools, milling eiitUn's, and broaches of all kinds uj) to S iiiclu's 
in diameter and inches long, these machines heme equipped 
with nunierons attachments, including the lolluwiiig — 

(1) A templet carrii'r lor sharjiening tinted, piolile milling 
cutters 

(l!) A circular ajipariitus for sharpening lluted, liollow, and 
ball milling cutters; with an attachment, inoiinted on the 
left-hand side of the niacliiiie, for holding ciiculai cold saws 
up to 2 ft. in diameter. 

(3) An attachment for inside and outside circular gi inding. 

(4) A universal divided for large spiral tooth milling (fitters 
and I’eamers. 

(r5) All attachment for sliarpcning straight hlailes up to 2 ft. 
in length. 

Similai* macliines, of stronger build, can also he supplied, 
for grinding tools up to IG inches in diameter aiaj 32 inches 
long; and it will be evident from the toiegoiag particulars 
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that such machines really deserve their name of “ uni- 
versal”. 

These machines, nevertheless, cannot deal with spreading 
machine-parts that are nnsuited for teing rotated. Such 
parts, however, aie frequently met with, especially in loco- 
motive shops, e.g. in grinding-out bushes, trueing journals, 
or facing sliding surfaces on valve-gear parts. * 

In getuu'al such sju'eading parts must be kept statioi'iary, 
and, th(U'cfor(', the grinding discs must bo })rovided with a 
travelling motion as w(‘ll as the rotary one. Conse(piently, 
such machines, must not only adjust the grinding disc, but 
must also impart an automatic travelling movement in any 
desired direction. The firm of Schmaltz, OlTenbach-on-Main, 
has atteni})t('xl to overcome th(‘se dillicnlties by the jirovision^ 
of a triple planet spindle, in accordance with th(,' following 
princi])]e : — 

An inner spindl(‘, running at high spet'd (4000 revolutions) 
and operating the grinding disc, is mounted ecccuitrically in a 
S()cond spindU*, which in turn is eccentrically and rotatably 
mounted in a third spindhn Both the outer spindles are run 
at a common, low sp(HHl. Tn setting the outer spindles, as 
shown in Fig. 44, the inner grinding spindle lies exactly in 
the centre of the whole. If, however, tin* outer spindles be 
turntid in o})posit(' directions — which may be done while the 
machine is running — the inner grinding spindle is displaced 
more and more from the centr(‘, thus describing a planet motion 
whereby it is enabled to grind out hollow articles or grind 
down journals and bolts (Figs. 43 b and 43c). 

Fig. 43a shows the arrangement of the machine for grind- 
ing plane surfaces. The work travels, the grinding spindle 
simply rotates, with a slight axial up and down motion. 
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Fig. 43 b shows the machine set for grinding out hushes, 
the work being stationary and the spindle d^-scrihing })lanetary 
and axial movements. 



Fig. 43c illustrates the grinding down of bolts. The work 
is fixed, the spindle moving with a plaiuitary and axial motion. 

For various reasons it is also advisal)le to equi]) these ma- 
chines for vertical working as shown in Fig. 44, thus enabling 
the following operations 4o be performed : — 
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(1) Aiiiomaticjilly out hardpued bushes, either loose 

oi‘])jess(S(] into spreading machine-])arts ; and also f^oandin^^ out 
rix(‘d hollow e\liiiders oi the kinds used in the construction of 
inoLors, piim])s, loconiohves, and general machinery. 

(i^) Automatically ^n-inding down (close uj) to the edge) 



lie. 44. — \utonmtifi Vertical (Tvindin'' Machine with Patented Planet 
(iniidinp: Spindle and Two-spindle Drive. 


journals that are emlHHldin] in sjireading machine-jiarts that 
cannot he rotated , also automatical! \ grinding the outsides of 
piston-v'alve rings, and finishing slide-valve hushes on high- 
pressui’e locomotiv(is. (The.se task^ are i)eiToi’rned hy anothei 
pattern of the same machine.) A third pattern enables all 
these different classes of work to he (Jone. 
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5 . WoUKINQ JiKSUIiTS OBTAINED IN PliACTICAL GRINDING. 

Cei'tiiirr iiitorostin^ I'csuhs ohtaiiK'd in ^rindinj,' practic(' l)y 
0. H. Norton, may bo brieiiy snininarized below, 

Tlio hard(*ned stool shaft ri'pix^stnitod in 4r)A was not 
straij^dit, and biul to bo ^n’onnd dow>i O'Olo inch. This task 
Wii|S com])lct(‘d in two and a ball liours including tlui boarinf^s. 



Pijr, I.lv — Iliinlnu'd Stool Shaft. 



.. s'S"- H 


Ei<i. 45 h, — O aKt Tion Rollor. 



6 ' 0 " 

Pk.. iru .' — S|)mdlo of En'^iiio Stool. 


A oast iron rolloi i^n) nuiasun^d 0*110 inch more on the 
rid'^es lod't by tln^ lathe tool than the dianuitoi* required. It was 
^j’oniid down to a })erleot o\bnd(;i in twenty minutes, all the 
marks left by the lathe tool boinjjj renuived. After this the. dia- 
meter had to he further redno(*d by 0*070 inch, which was ae- 
corajilished in two hours, tin* wboh; time consumed in grind- 
ing the roller to exactly 7 inch(‘S diamettii*, being two hou/s 
and twenty minutes. 
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Tho spindle of engine steel, shown in Fig. 4f)C, was turned 
down roughly with a natural-hard steel tool, leaving an avorag(! 
of .I'^jths of an inch to hi; removed by grinding. It should he 
pointed out that this spindle was 7 inches in diameter. 
The total tiiiu* occuj>ied in the grinditig was two hours and 
twenty raniutes , and the spindle was found true to within 
O’OOl inch. 



Fic. 45i). — Chill Cast Roller. 






k - >; 

Eio. 4r)K.— Steel Piston Rod. 


A chill-cast roller, 10 inches in diameter and 12 inches long 
(Fig. 451)), that had become worn in use, was ground in live 
minutes ; whilst a similar roller, 10 inches in diameter and 
24 inches long, though badly worn by having been used for 
grinding emery, was trued in one and a half hours. 

Finally, a steel piston rod f Fig. 45Ej, the cylindrical portion 
of which had been turned down with a roughing tool, advanc- 
ing Jths of ail inch every G revolutions, was reduced .j\.nd of 
an inch in diameter in twenty minutes, and was found to be 
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true to wiihia of an inch in length (3 feet), and to 

i oTTo^^ diameter. 

In conclnsion anothei' instance may bo cited of tlie wide 
spliere of application already possessed hy the grinding disc, 
namely its extension to the stonocuttijig industry, in which 
the troublesome tasks of shaping with the chisel and tlien 
linishing by rubbing with sandstone, have now been replaced 
hy the use of sfiecial grinding machines, which perform the 
work untiringly, with greatei- speed and accuiacy. 


1 


THE END 
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